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INTRODUCTION

The Creat Lakes states of the Upper Midwest are generally characterized
by an abundance of water. Whether that water be from the Great Lakes, the
largest contiguous freshwater body in the world, or from intand lakes, or
from the large Upper Midwest water table, water is an important resource
to residents of this region. Protection of this valuable resource requires
citizens who are knowledgeable about water and the threats to water qual-
ity. [Even the youngest students can begin to appreciate this life-
sustaining resource, and their role in its protection.

Acid precipitation has become a threat to much ol the freshwater
in the Upper Midweet as well as many other parts of the United States,
Canada, and Scandanavia. Formed from jndustrial and automobile pollutants,
acid precipitation has the capability of rendering a lake barren of fish.
The basic underlying principles of acid rain are described in this
curriculum in 2 manner that young children can understand.

FORMAT . - '

There are several KEY CONCEPTS for each module in each of the |
four units. An ACTIVITY BLOCK with MALN IDEAS is developed for each
KEY CONCEPT. All modules have a teacher directed INTRODUCTORY ACTLVITY
which is a discrepant event or open-ended in nature to encourage student
questions and to motivate them”to further inquiry in the activities to
follow.

MATERIALS and the necessary ADVANCED PREPARATLON are noted for every
ACTIVITY BLOCK which may include anywhere from omne to six activities.

A transition section, or FOCUS; is included between each Activity
Block. This consists of a PARAPHRASE or the concepts and/or activities
explored earlier and how they relate with the next set of activities/
concepts, and a QUESTION to lead the students in an inquiry mode into
the next Activity Block.

Although a specific FOCUS for each ACTIVITY BLOCK is provided,
teachers are encouraged to adapt them to their particular class and to
make up their own FOCUS statements between the individual activities as
well. ;
Specific direction for setting up each activity are anluded/
under P&OCEDURE. EXTENSIO! activities are suggested to give some
jideas to teachers who might want to develop the Activity Block or Module
further.
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“APPROXIMATE TIME: 6-7 class periods
" N\

r

MOPULF OVPRVIP
" In this module,
. questions related to

.- -2-( i
N XQ

VATER, VATER FYRRYNUERE

student handsion asctivities will foeus on « ..
tle various properties of water such as surfece

tension, expansion whea freezing, and Lhe buoycnt property of uater
which allowQ many cbjects to float. Allow students’ interests and
questions to guide-you in the seleclion of appropriate activities and
don't feel limited to the activities here. These activitiaes will

into designing their

probably cause childrea to g;:erate rore questions that can lead,Lhep

FEY COMCEYTS OF THE |
A, ‘later ras a
tension).

1

own experiments. ‘ J

<

‘ODULF
stronn terdeticy to stick to itself (surxacc

Li. Yhen vater freezes into ice, it expands, becomes less dense;

ard thus cap [leoat on
Cc. Thc dblllty
mich water it is abl

MATEFIALS NFEEDED FOR .
For cach student group: clear plastic drinking rlasses, -
eyedropper, large plastic containers, paper clips, water, corn oyrup,
rubting, alcohol liquid.dJish soap, copper uire, waxed paper, aluminue
fcil, paper touellnq, screv lld glass jar (e.g., baby food jars),
plastlu sandwich bag, _ice cuoes, wooden blocks (4" 3 4" y 1/2“),

+ INTRODUCTPRY ACTIVITY

bucket, pill bottle,

plasticene (oil-hased clay),

-

ATERIALS:

1 vater.,
of an object to floa\ in water depends upon how

e to dlsplccc (push aside).

*

THE HODULE:

rvbber%bands, cans of different sizzs, rulers,
rulers, and soap.lakes.

hY

Clesr plastic container, eyedroppers, empty plastic contziners,

paper clios, vater.

PREPAPATION SUCGESTION:

-

<

Provide cach student group with eyedroppers, a clear centainer
filled with water, and several empty containers, and various objects

such as paper clips.
paper towels on hand.

You will also vant to have a gcod supply of

-




PPOCEDURE:

Divide the students into groups of three. Provide each group
with the riaterials mentioned above anc then structure their ghoup vork
" by relating to thesi the following story: . )

Mile walking home from school one aiternoon, you meet a visitor
from another planet. FHe asks you to explain to him what this strange
stuff called 'water!' is. FEach group is to list as many things as they
can think of about water to tell this visitor, I've provided some ’
vater to help give you some ideas." \

~ AY

RYTENSION: . A

Fach student group could also be asked to choose their best 2
observations about water and .incorporate then in a cartecon-type.
picture of their meeting with the strange visitor. They could hLave-
fun imogining what he might look like .and the carteoens could then be -
gut up in the room along with ug%ir lists,

€

ACTTVITY BLOCK A-—\BAT CAUSES ATER TO STICK TO ITSELF?

MATN TDEAS: Ng
* 1. ‘later has a high surface tens.on (tendency to stick to
itself). . i

+ 2. Impurities in water affect this tendency to stick to itself.
VATERIALS: e

* Vlater, corn syrup, rubbing alcohol, liquid dish soap, cféar
containers for the, liquids (about 1 pint>,” copper wire, waxed Japer, ~s
alurinum foil, clear plastic cups/glasses, paper toweling.
PREPARATIQN SUSGESTIONS: / )

Obtain the above materials and studeht groups can set up the

2ctivities themselves. ‘ : ¢ .

S

FOCUS: . . :

Paraphrase: "Yesterdey you imagined what it would be like to
stell a strange visitor from another planet everything you knew about
water. You made lists of the different properties of water that. you
have observed or could think of. The next few activities you are
going to do will help you observe and learn even more about water and
its different properties." )

Question: "hat can you tell the strange visitor about water
drups and the 'stickiness' or 'grabbiness' of water?" ¢liore specific
questions should be given as part of the focus before each activity
are as part of the different task statenénts.) ) &

@
~




ACTIVITY 1

VAIN IDEA:
The surface tension of 2 liquid can be observed by tle shape that
a3 drop of liquid tares.
PROCEDURE ¢
Provide the student groups with eyedroprers, containers of vater,
pieces of waxed paper, aluminrum foil, an¢ paper toweling:
The following questions can be used to stimulate the student's
exploration of the shape cf water drops.
1. Uthat can you find out about the shape of water drops?
2. VYhat happens vhen you add more drops?
3, Uhat happens when two drops collide?
i, Vhat happens when you put the drop on waxed peper over soue
vriting?
5. Vhat kappens if you put an air bubble in the drep?
lave them malke sketches of the drops and a sequence cf sketches (eof 1
to 5 drops)

o

' WA WS e,
2 3 4
NUMBER OF DROPS

=p

ACTIVITY 2

HAIN IDEA:
Surface tension is a property of the liqui¢ and uvill be different
for different liquids.

o [en D @)
WATER ALCOHOL CORN SYRUP
KIND OF LIQUID

PROCEDURE :

Provide tle student groups uith eyedroppcers, vaxed paper cnd Lhe
following liquids: water, corn syrup, rubbing alcahol, and liauid
dish soap, ) o .

- Asl: the students, "What can you find out about the shape of the
drops fer these lIQU1d‘°"

ACTIVITY 3
JAIN IDEA:

Since water tends to stick to itself, a glass can be filled
higher than its rim without overflowing.




LG

-

PROCEDURE: = ‘
Previde the student groups with water, an empty glass, a -
container to catch spilled water, and an cyedropper.
Ask the students the.following questions:  "How much water cat
you put into the glass without spilling over?" (If the students have
{illed the container carefully, thiey should be able to observe, by
viewing the glass from the side, that the uater extends over the top
of the glass.)

ACTIVITY 4

WAIN IDEA:
Sowp bubbles form because the surface of the liquid acts like a .
skin,

PROCEDURE :

Provide the student groups with a thick soap solution (prepared
by placing 4 tsp. of soap flakes, such as Fels naphtha, in 4 cups of
hot water and letting stand for # days), and several pieces of copper
wire (or paper clips can be used for smaller bubbles). .

Asl: the students: "How many different ways can you think of to
make Sogp bubbles?" In your instructions, encourage the students to
experinent with all sorts of cifferent shapes (3-dimensioncl wire
forrs made simply by bending wire uill give excellent soap hubbles).

7 .

EXTENSION:

CLTERIALS:
Large cake pan (8" x 14"), disk soap, plastic straws, twine.
3
PROCEDURE ,
Large soap buhbles can be made by threading two straus onte @
laree piece of twine. Tie the twine into a loop (sse diagran).

‘ CJ

Make a soap solution by mixing the dishsoap uith water. Place
the bubble maker into the soap solution. Pull the bubble naker .
quickly up and out cf the solution and, at the sanc time, bring the .
twe straws together to form a bubble. :
low big can you make the bubble? :
Czn you catch a bubble? (Vhich works best-~wet hands or dry
hands?) '
hat colors do you sce in the bubble?

) 13




»
- ACTIVITY BLOCK .E--u!AT UAPPENS VHEL VATER FREEZES?
MATM IDEA: ' ’ :
1. Vhen water freezes, it expands.,
2. Yater expands upon freezing and the resulting 1cn uill fleoat.
MATERIALS:
Screw 1lid glass jar (students should bring these from home),
- plastic cups, water, plastic bag, ice cubes. ‘
FOCUS:: ) '
Pargphrdse "In the last series of activities ve discovared one .

property of water--that is, how 'sticky! or 'grabby! water is. ‘later
has some other special propertlea when it freezes, and in the next
activitie$ we arc going to discover at least two of those.

Ouestion: M"Uhat happens to water if we put it in a jar and a’low
it to freeze?"

ACTIVITY 1

1
|
HAIY IDEA: 1
Lhen water freezes, it eupands. ‘ |

PROCEDURE ; . :

Fill un old, screw-lid glass jar or bottle with uater and tightly
fasten on the 1lid. Asl® the students to predict what will happen if
vou put the jar in the freezer. ‘.

Place the jar in a plastic bag and aeal it. Place the bag in the
freezer (or outside if it is below freezing) fer 24 hours and then
bring in the bag.

Discuss with the student the reason why the bottle broke. Ask
students hew the expandinz of ice sometimes dariages roads and
sidevaliks during the uvinter. -

1

ACTIVITY 2

VAL IDEAY ‘
Tce will float. .

PROCEDULE: : .

Provide the students with glasses of water and ice cubes.

. The following questions can be used to stimulate the studeits!
exploration of the propertids of ice:

1. ‘'hat happens .0 the ice when you put it in water?

- &, About how much of the ice cube is above the water?

3. 1hzn vater freezes on a lake, the icc is 2t the top. 'hat
would happen to fish if ice were heavier than water? (Fish would have
to move to the top of lake and nrobably would have nothing to reed
chn.)




ACTIVITY DLOCK C--UHAT MAKES ORJECTS FLOAT?
AT IDFRS:

1. Floating objects can be made to sink by making them heavier.

2. Objects which sink can be made to float by spreading them cut
sc that they displace more water.

3, Chjects appear to be lighter (in weig?t) in uater.

-

PREPARATION SUGGESTIONS: : F
You will need to obtain several wooden blocks (A" x U x 1/2%).
If these are shellacked or varnished, they will last longer.,

" PATCRIALS:

Buttons, ivory soap, washers, ping pong balls, cork, pieces of
sponge, uooden blocks (A" x UM x 1/2"), large contalrers or buckets,
pill bottles, rubber bands, cans, of different sizes, rulers, and
nlasticene (or oil based) clay.

FCCUS:. -
Paraphrase: "In the last two activities you learneé how water
expands when it freezes and floats. In the next few activities, you
will be studying atout whether objects flozt in uater."

Ouestion: "Ihat makes objects float?"

ACTIVITY 1.

MAIN IDEA: i

nge objects will sink in water and some w 1 float.

PROCEDURE: °.

- Provice the student groups with a tray containing some or all of
the following objects (or other objects of your choice, e.g., buttons,
ivory soap, washers, ping pong balls, cork, pieccs of sponge).

After students have made their predictions, provide them with a
container of water to test the accuracy of their predictions,

A data sheet is provided on the next poge. Students should use
the top portion of the table (murked "predicted") to list under Usinl"
those objects which they predict will sinl anc under "{loat," those
objectc expected to {loat.




DATA TABLE

SINKERS AND FLOATERS -

3

=




ACTIVITY 2 | ' )

VATY IDEA: : .
" ' Floating objects can be made to sinlz by msking them heavier.
————- .
PPOCEDURES: . R
Provide the student groups with containers of water (sucn as a
plastic bucket). Give them several cans cf different sizes.
The following questions can be used to stimulate the students'
exploration of floating objects: ‘
1. ‘hich can is harder to push under the water? (Add ustter to the
. cans until they just sinl: to the rim.) '
-2, -Vhich ean needs the most weight to just sink it te the rim?
(Provide the students with sicodar. blocks, " x 4" x 1/2".)

. 3. "ow much of the block floats under the vater?™
&, llow carn you rake more of the block sinl?? (Pile on more
hlocks.) g
5. Vhat happers when you pile up several blocks? ilow much of th2
gtack is under water? .

”

ACTIVITY 3

) CAIN IDLCA: :
» - 3inking objects can be nade to flcat by spreading them cut =o
that they disglace more uster.

PROCEDIIRE: P

Provide the students with balls of c¢il based clay. .

Challenge the groups to devise 2 uay to wake the clay flost. (In
order for an object tQ float, that chiect must displace 2 weight of -
uater greater than the weight of the object. Since a cork is fairly
lifit vhen compared to its volume it will displace a greater veight of
water than it ueighs itself. A neil, on the other hand, is relatively
pezvy for such a swall size, so it will sink. These concepts of
puoyancy, displacement, and density are difficult for elementary
students to understand, It would be sufficient if the students could
c¢iscover for themseclves tlhat a ball of clay that uould sirlt can be
made to float by spreading it out.) Tell the students to use the .o
vashers to see how neny it takes to sinic a boat made of clay. Allow
thet to try other nuteriazls such as tin foil or paper..

. ENTEI'SION:
You may wish to extend this activity by pointing out how

important this property of floatin; is to ships. The large oil
tankers are designed so that when they are full they will be floating

- at the proper level. Ilowever, when they are cipty and, therefore,
lighter, tley vould have a tencency to float too high on the uater and
might be in danger of overturning. For that reason, the empty ships
cre often filled with sea water 22 "ballust" to meke them heavier and
haace 3afer.

- .

13
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ACTIVITY

IAIN IDEA:
Objects appear lighter (in weight) in water,

PROCEDURE: »
Provide the students with pill bBottles and rubwer bards. Kave
' students fill tht pill vottles with water. Ask the groups if they can
) figure out a way to find out which bLottles are heavier just using uhet
they have aveilable. (They can measure how far the rubber band
stretches wheén attached to the pill bottle and lifted, of T the teble.
Students should te encouraged to use rulers to measure the longtl, of
, - the stretched rubber banc.)
CULMINATING ACTIVITY ’ '

You may wish to return ‘to the original situation of the vic ltor
e fromgouter space. Fach group or individuzl student could nou de soi:

R creative writing telling the story of their meeting uith the ctrang
creature, They could illusprate these stories and share ther with tie
class\and theny nut them up on display.

This night also be a gocd opportunlby to dircet intercsted
students to a study of shipping on Lake Superior. Tuo free
publications may be useful.in this regard.

Great’ Lakes, Great Poats o
tiichigan uepartnent of Hatural Resources--.
Ann Arbor, l'ichigan
Our Great Lakes ' ® B
" Sea Grant Conmunications Office \‘f\Nﬁ
1800 University Avenue
‘ ladison, isconsin B3T06
You niay also uish to play "The Ureck of the Edmund Fitzgerald" Ly
Gerdon Lightfoot for the students, '

-
K
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CLEAN VATER--DIRTY UATER

ODULE OVERVIEV: )

In this module, student experiments and ectivities will focus on
"dirty" (polluted) water and how it can be "cleaned" (treated or
purified). .

APPROYXIMATE TIME: 1 week

KEY CONCEPTS FOR THE UHIT:

A. Water can contain dissolved and suspended materials which
will 'pollute it,

I, Hany impurities can be removed'from water.

C. Everyone should be concerned with keeping water clean.

MATFRIALS NEEDED FOR THE 1!ODULE:

Table salt, sugar; baking soda, sand, dirt, soap flakes, coffee,
pieces of food, plastic spoons, baby food jars, magnifying lenses,

small containers, fresh snow or rainwater, plastic bleach hottles,
funnels, cotton, cheesecloth, gravel, old nylon stockings, burlap

bags, cans with holes, paper toweling, water trestment waze handouts., ‘

INTRODUCTORY ACTIVITY

PROCEDURE : ~
lirite the following verse on the chalkboard:

. fother may I go out to swim? N
. Yes, my darling daughter. )\.
llang your clothes on a hickory limb,
But don't po near the water. .~K))/h
5 f' 7fis?
———Anonymous }
{ &
\\\ ," | r
i
3 !
v <2¥£>& =
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Ask, "y Go you think the mother wouldn't let her daughter go
intc the water?" Students may say that she couldn't swim or that she
had a cold or was sicl, Hopefully, someong will mention that the
water was dirty, but if they should use the word 'polluted," tale the
opportunity to uwrite it ¢n the hoard and work out a definition with

2 gﬁf%hem. Try to get students to share some of their feelings about dirty
or polluted) water. .

ACTIVITY BLOCK A - WHAT IS DIRTY VATER?

L4

MAIN IDEAS: : .

1. Poth seen (suspended) an¢ unseen (dissolved) .ndterlalu may be
found contributing to pollution in water.

2. Ythen a solutlon containinr solids is overorated the solid
particles remain.’

3. Polluted water is often unpleasant in odor and appearance.

SAFETY COMSIDERATIONS:

Students should be instructed not to drlnk any of the liguids.
The unpleasant smell is due to action of bacteria whlch can cause
stomach problems if ingested. !

PREPARATION SUGGESTIONS:

Obtzin the necessary materials for each activity (enlist the help
of students when possible or appropriate). Have students set up the
activities.

> )

ACTIVITY 1A

W It IDEA:

Solid pollutants of water may exist as suspended particles or
dissolved substances. Uhen you evaporatz the solution, fiwe solid
particles remein,

FATERIALS:

Table salt, sugar, baking soda, sand, dirt, soap f{lales
(cetergent), coffee, pieces of food, plastic spoons, plastic drinking
rlasses, aaby food jars (for extension), and other substances you may
decide to use.

FOCUS: - v

Paraphrase: In the next few experiments we will put different

substai.ces in water to sce if they all "disappear" (so we can't see

thetn in the water) to determine whether we can smell them or not.
Ouestion: Vhich of the substances will dissolve (“disappear™) ir

water? . . '

22
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PRCCEDURE »
. Provide each student group with plastic drinking glasses half
fidled with water and with an observation data sheet (see attached
example to duplicate). .
Ask the zroups to predict which of the substances will dissolve

j list their predictions in the upper portion of the table. Provide
each group with plastic drinking glasses half filled with water and
have students drop in a small. amount (e.g., teaspoon) of the
substances into the water. Stir the solutjions with plastic spoons.
Pave students fill in Table 1 under observations in the lower portions
of the vable. Ask phe studentz?to compare what they predicted with

-

whet they observed. Tell the gfoups to label their plasses with the
substances that they used and their names and save these for part 1C .
or the suggested EXTENSICH activity, -

-

ACTIVITY 1R
PROCEDURE : '

Provide the groups with some other substances such as epson
salts, bath salts, and some mixtures (such as salt and sand). Asl
them to predict which will dissolve based on what they learned in the
last activity. Have each group record these predictions and check
their predictions by drcpping materials in the rlasscs and stirring
them as in the previous activity,

ot
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(
OBSERVATIONS * , ‘
-M *‘ .
R e o .
THINGS WHICH CAN BE .SEEN AFTER’ THINGS WHICH CAN N‘O'l‘ BE SEEN

PUTTING THEM IN WATER. AFTER PUTTIN% THEM IN WATER.

.
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ACTIVITY 16 ;

PROCEDURF
, Remind the students that in the last activity sone. of the-

waterials that they added to the water seemed to, "discppear." Ask,
"How.can you finc out if those things that you put in the water really
disappeared or if they are still there?" Students may suggest severzl
approaches, but perhaps the nost useful is to evaporate tlce solution.
(The solids will rewain.) Label the glasses with the students' names
sn the contents of the glasscs and place them on the windewsill in

the sun, Leave the plasses until they have evaporated to™dryness. In
vour follow-up discussions, discuss how there may be things in water
Ut oroee it dirty out that ve can'l see or aincll.

-

v-

TN

%

Lis
AL ELLBLLILEVTOLLLL LML LT

AL TS A
-

;.‘.‘ N

MARERTIRN

VA,

7

.

[IIIII/I/ 221/ A s
I/.//I A LTI IR IG7 " FI704¢ 7 47(TL

z
.
7

LALLLLSSILS 0 e
%

77277
] L/ /L

LIS S S AS L .

LR S8\

7Z

PO s o
7L,

7 A R

’ dad 7T

1’77 4
e\\NQN\ "ol W
unmumwuwnmumulhﬁﬁ%i

AR

/
=

——

Syl

a ]

- )
. ) O
CY.TENSION:

Provide the student groups with baby food Jarq thalf filled with
uater ane various types off feod. They might be ashed to bring things
frem home to put into the water. Have them put the different kinds of A
faad into each of the jars, label ther, seal thew and set them acide
in the sunlight. | They ohOUld chieck the jars evary day and record
cbservations concerﬂlnr appearance and smell.  Have a felloweup "Phdt
did you {inmd ouv?" discussion.

v
£ . 9




ACTIVITY 2 .o S .

- ¢ "

VAIR IDEA: T .
llatural water contains dissolved impurities.

UATFRIALS: . .
iiagnifying lenses, small contairers, fresh snow or rainwater.

PROCEDUPF : .
fsk the students, "Can you find out if rainvater or snow contzins.
things that can't be scen?" Provide student groups with megnifying
lenses, small containers.and a quantity of freshly fallen rainwater or
melted snow. Fvaporate the rain or snow (use method described in
Activity C) to see what was in it. Asl the students if they think
that the materials in rain or snow are unhealthy for people (or
whether they think that'rain and snow can be "dirty"). .

3 .

AETTYTTY PLOCK T~=1'Ct CAM VIATER RE CLFANID?

VATE IDEAS . -
Pirty watrr sowmetimes tan be cleoned by sedimentation and
filtration. *
MATERIALS: " ‘ &
Variety of containers (or prepared plastic bleach bottles--sce ~
belew), funnels, cotton, cheesecloth, sand, gravel, dirt, old nylon
stockingsy burlup bags, cans with holes in thew, paper towels, and any
other materials that you or the students might think of to clean the
water, ) .

oo
o
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TEACHER PREPARATION: ;
Pleach bottles make handy containers for
filtering. Poke Some holes in the: lid, and using a sharp knife, cut
‘thc‘bottom of f the bottle. The plastic bottle can then be filled with
2 variety of materials and the dirty water placed in the cut off end.
These bottles will clean up easily and stack for storage.

"

FOCUS: - ‘ - .
' ‘Pargghrase: You've done several experiments that showed you how
‘w;ater can be dirty (or polluted) even though sometimes you can't tell
by looking at it .or smelling it. Uhen you evaporated the water/snow,
"you colld 'sec the polluting particles that had dissolved in the water
an@ originally seemed to disappear. Now we're going to do sorme
experinents to see how we.night clean polluted/"dirty" water.

¢ Ouestion: How many ways can you find to wale the viater clear?

PROCEDURE.: | N

Provide each group with a jar of muddy water. Challenge them to
invest z.vhy Cor several ways) for cleaning up the water. Have the
£roups s?are‘pheir methods with each other in a follow-up discussion.

3 . .

Mhile the students are involved in this activity, take a Jar cf
muddy water and set it aside.. Vhen the particles have begun to settle
at the-end of class, direct the students' attention to the fact that
it looks less muddy. Shake it up again and have them predict what it
will look lilie after' sitting there overnight. Uhen they-observe it st
thc;gégénning of the next class period, you can have a discussion of
vhat thdy found out. It is important to develop the concepts of
fi tion and sedimentation if the students are to uncerstend the

_ unteP treatment in Activity Block C.

.

-

- ' . 2 7 ‘
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ACTIVITY BLOCK C--HGY DO CITIES CLEAN UP DIRTY WATER? "

HAT!" IDEA:
Cities use many of these same technigues in their water treatment
plante.,

MATERIALS:
" Mater Treatment lazes !

PREPARATICH SUCGESTICHS:

Contact your local water treatrent plant to arranse 2 tour for
your class. If that can't be arranged, it is possible that the
treatment plant will have Speakers that could come to your classroom.

FOCHS:

Paraphrase: ‘le have seen how [iltering dirty water and letting
dirty water sit so that the dirt falls to the bottom are both uzys of
cleaning uater. The water that you drink is clean. Your city uses
these same methods for cleaning the water befcre it gets to your
faucet, . .

Question: {low do cities clean up dirty water?

PROCEDURE : \ -

This would be a ¢ood time to explain the terms of FILTRATION and
SEDIMENTATION if you haven't done so alyeady., Tell the students
that cities use these save nethods to clean their water at a water
treatient plant.” Aslk then if they cam think of other ways that cities
use to clean water (vou night suggest the taste of water or swummine
pools as a clue.) You should discuss two other rethods,” chlorination
and aeration. Althouph it wasn't discussed in the above activities
(because they would be difficult to do), chlorine as well as other
chericals are used to help purify water., In dddition, uater is
aercted (sir is bubbled through or else it is shot inte the air like 2
tountain) botn to iwmprove the taste as well as to break down any
recirining oreanic naterisls (by a process of oxidation).

Pard out the water treaticent plant maze to do in order to ;ive
students sorie idea of what they should be looking for when they tour
tie later Trcatrment Plant. In your discussion, encourage the students
to explain hov each step in the treatment plant has helped to clean .
the water,

FYTFENRION: )

Encourage individual students or student groups to Go some
wvestigating to find out where their city water comes from. This
would be a good mapping exercise. (Your local uater departnent snould
be a rood source of information.)

RELATED ACTIVITIES:
"The Jiffy Vater Treatment Plant" and "The Dekro Vaiter Treatment
Plant" in Creative Sciconcing by Alfred Devito and Gerald Krockover,

2§
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ACIDS AFD BASES

V'ODULE OVERVIEY:: i .

. In this rodule, student hands-on activities will focus on acids
and bases, and their indicators, After their experiments have civen
them a better understanding of what an acid is, ‘they will be river

.some background information on acid rain so they can consider its
environmentzl implications. An information packet on ccid rain is
included at the end of the wodule.

-_—

, APPROXIMATE TIME: 1 week

LEY CONCEPTS CF THE #ODULE:
“A. Certain substances (such as the liquid frow red cabbage
ledves) can be used to identify acids and bases.

P, Acids are substances that, when added to water, turn certain
substances (such as red csbbage water) a certain cclor; and bases are
substances that when added to water turn certzin substances (such ns
red cabbage water) a different color. Uhen acids and bases are
corbined in the proper proportion, they form & neutral solution

neither acid nor base).

C. Aq}ds can cause pollution (e.g., acid rain or scid run-off
from mines), )

“CTEPIALS BEEDED FOR THE LODULE:
Ped cabbage,; Leaker or pan, heat source, small conteiners,
scrples lof acids, basés and salts (see Activity Block B).
a .

I'TRODUC OﬁyiACTIVITY

PREPLRATION SUGGESTIONS:
' At lcast one-hour before class, cut a red cabbage leaf intc snall
pizces, |Soakithe cabbage leaves in very hot uiater (boiling, if
possible}. Also prepare three glasses by filling the first 1/3 full
of water, the sccond 1/3 full of white vinegar, and the last glass 1/3
full of 2 solution riade by dissolving 2 tablespoons of baking soda in
a cup oflwatera

*
|
\

PROCEDURE: ! ) . ’
Tell| the students that you are going to put on & magic show. Set
upe the plasses with the water glass- in the widdle. Ad¢ several drops
.of the capbage water ("Magic Purple Liquid") to the center water
slass. Ppint out that the color is a light purple. Add the baking
soda solution (this is a base). The color vill now change to green.
Finclly, Ydd the\vinagar (this is ar. acid). The color will change to

rec (or pink). | .

Ju




This discrepant event should.generate a lot of questions which -
should be recorded on the blackboard and/or on a large sheet of paper

for future references.

ACTIVITY BLOCK A--WIAT IS "MAGIC PURPLE LIOUID"?
HAIN IDEA: b

The liquid from the red cabbage leaves can be used to identify
acids and tases.

MATERIALS:
Red cabbage, beaker or pan for boiling, heat. source.

FQCcus: s

Paraphrase: te saw that there was a purple liquid that changed
colors. Today we will see where that liquid comes fron.

Questions: Vhat can you find out about the Magic Purple Liquid?
i/hére does the Hagic Purple Liquid come fron? N i
PROCEDURE : _ < .

Soalk red cabbage leaves in very hot water for 1 hour. Give the
students an opportunity to do some exploratory activities with the
liquid for awhile, investigating its various properties. ‘Initiate a
class discussion around the following questions:

"hat did you find out.about the lagic Purple Liquid?"
"hat happened to thé water?"
"here diﬂdphe aagic! purple liquid come from?"

. S 1 g ‘et '/:“/ . .
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EYTENSION: latural cdyes :
A number of naturally occurring substances contain dyes which can '
pe extracted and used to dye fabric. Look at blueberries, onion
skins, red sumac, black walnut, and goldenrod. You might wish to do |
an art project with textiles using natural yarn dyed with colors K
obtained from these and other substances. Also, students may be
interested in finding out how the Indians used natural dyes in their
clothing. ’

*ACTIVITY PLOCK B—~WHAT ARE ACIDS AID PASES?

PALH IDEA:
Acids will turn certain ouostances (such as red cabbage uater)
red, and bases will turn certain substances (such as red cabbage
water) rreen. VYhen acids and bases are added in the proper
proportion, a neutrzl solution results (neittier acid nor base). ,

FOCUS: . :

Paraphrase: The other day we saw that core things will turn the

vater. from red cabbages red, some things will turn it yellow, and sore

wain't change it at all. .
Oucctlon Vhich things change the color of red cabbage water?

NATERIALS° . .
Red cabbage water in qeveral guart contalners small containers

eaes labeled and filled with lemon juice, lime juicc, orange JUlCG,
¢cider, vinegar, baking soda solution, solid bakinrg soda, armonia
solution, distilled water, tap water, table salt solutlon solid teble

oalt . - \
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ACTVITY 1

PROCEDURE :

Divide the students into groups of three or four. Provide each
zroup with the labeled containers, red cabbage water, and some paper
toweling. .

Fach group is to (1) predict what color each of the substances
will turn the red cabbage water, writing its predictions on the upper
part of the.table (see attached sheet to be duplicated for student
group use; (2) test each substance and to observe what effect it has
on the color of the red cabbage solution, recordin; the rroup's
coservations on the bottom of part of the table.

*

ACTIVITY 2

Provide each group with 1 tablespoon of baking soda, 1 cup of
vater arnd 1 cup of vinegar, .

Instruct the students to prepare a baking soda solution by ,adding
1 tablespoon of baking soda to 1 cup of water. Ask the students "lhat
color does this solution turn red cabbage liquid?" and ™hat color |
does vinegar turn red cobbage liquid?" Instruct the students to add a
drop of vineger to the baking soda solution. Ask the students, "What
happens?" Instruct the students to slowly add the vinegar to the
balzing soda sclution until the bubbling just stops. Asl: the studonts,
" hat, color coes this turn red cabbage ‘liquid?"

FCLLOU-UP DISCUSSICH:

tlave the groups share their observations, discuss any
discrepancies in their results, and do further experiments, if
recessary, te come to some agreement. At tids point, they should be
ready to learr terminology if they haven't already. You could say
something like this: "You have divided all of the things into 3
croups. Some of these things turn red cabbage water red, some turn it
yellow, and some don't change it at all. Ve lLave special names for
each of these groups (have the students urite these names on their
.data table). Those things that turn red cabbage solution red are
called ACIDS; those things that turn red cabbape yellow are BASES; and
those things that don't change the color of red cabbage solution are
PEUTRAL.Y  ~ .

EXTEMSION:

Litmus and bromthynol blue are other substances that test for
ccids, bases, and neutral substances. The groups may want to take
suother Cay using thesc indicators as well,

.
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ACTIVITY BLOCK C - HOV DO ACIDS.CAUSE PCLLUTION?

MATH IDFA: o .
Acids are environmental pollutants,

FCCUs: .

Paraphrase: "le have seen that we can divide subtstances into
acids, bases, or neutrecl things. Many acids are useful. Lemon juice,
orange juice, lime juice, cider, and vinegar are found in foods. Somr
acids are dangerous. [xamples of acids that can be dangerous are
battery acid (sulfuric acid), hydrochloric acid and nitric acid. You
may have heard about acid rain. Lately it has been in the news a
great deal," * .

Question: ‘'lhat causes acid rain? Why is acid rain a problem?
that can be done about acid rain? .

PROCEDURE :

Divide the students inte groups of four or five,

Each group should plan and implement a project to address these
four guestions:

1. %hat causes acid rain?

2. Vhy is acid rain a problem?

3. YWhat can be done about acid rain?

4. Vhat can we do about acid rain? (Group project)
Fach group will need to do research to.answér the first three
questions. Then group and class discussions with the teacher can
generate rany graup/class project ideas so that each group can tlien
choose, plan, and implemént onc. These projects could be as fellous:
# newspaper to distribute to other classes, parents, etc., (sec
attached sample); letters to state and U.S. legislators, business
leaders, etc.; posters and murals to present the problem and urge
alternative soclutions; a special T.V. show documentary or news Show;
panphlets to distribute thircughout the school and community explaining
" the prublem and highlighting what can be done; 2 mock hearing uith
each group member role playing a different interest/concern in the
acid rain problem, etc. Students will undoubtedly come up with other
creative ways to present or share their new knowledge about acid rain,
its iwaplications for the environment, and further, iuplications [or
concerned citizens.

ICTE:  The entire class could do just one big project using a
division-of-labor strategy to delegate the tasks to the various
groups.
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EXTENSION:

Undoubtedly students will run into the concept of pH throughout
their readings about acid rain. It may be useful te show the studehts
the pH scale found on the first page of the Acid Rain Fact_Sheet for
Teachers. However, this does not make clear to students the-
logarittmic nature of the scale (that is, why a pll of € has 10 times
more hydrogen ions--the active part of ac1ds—-than apHof 7, and 2 pli!
of § has 100 tinies more ions). One way the students can more
graphically observe the pi! scale is to have the students represent pH
units. Hake latels for the students on strings to wear around their
recxs, w1th:

lean pl of Adlrondack Lakes in 1930 (pH = 6.5)
pH of pure.rain (pik= 5.6)
Mean pH of Adirondack Lakes in 1975 (pF = 4.9)

Vou will also need a string about 33 feet long (11 yards). llave
the "pll = 1 students start, holding one end of the string, in a
corner of the ‘classrooi. The student representing pH = 6 should hold
the string 10 cm \H") away. The student represerting pH = 5 should
hold the string 100 cm. (40") away, and the studemi representing pll =
should hold the string 1000 cm (400" or 33 feet) wray.. Point out Lhe
location of the following pH values: - -

meat pH of Adlr;ndacl Lakes in 1930 (pH = 6.5)--3.16 cm or 1 1/4"
avay

pure rain (pH = 5. 6)-- 5 cm or 10" away

mear. pH of Adirondack Lakes in 1975 (pll = 4.9)-~-125 cm or S0"
way. :

.. pH =T - pure water
opH:E"‘

.pH:,)- \
op”:”"’

\] QWA ISW D) =

TEACHER PREPARATICHN:
Do some background reading on acid rain and provide the students

witr some resources for their group projects. (See attuched Acid Rain
Fzet Cheet for Tea chero.)

"

335
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COLOR CHANGES WITH RED CABBAGE WATER .

TURNS RED . STAYS PURPLE TURNS GREEN
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ENVIRONMENTAL ' NEWS

ACID RAIN FALLS ON LAKES -
Sto'ry By:

DEAD FISH FROM ACID RAIN | DAMAGE TO CROPS

37




ACID RAIN PACKET’ FOR' TEACHERS

4

b ’,',,zl//{/f'
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VHAT CAUSES ACID RAIN?

Precipitation with a pH ‘Lower than thatyof normal rainfall isc
teruied "acidic,”" A pH value is a neasure gf the number of hydrogen
ions (the active elemcnts of acids) that dre present. The more
hydroge® ions ycu have, the preater the pH., A pl is measured on 2
scale from Q-14, with low numbers indicating acids and high numbers
indicating bases (or zlkalis) such as lye and armonia. ﬁuro water las

apt of T,

LEMON JUICE : i s
VINEGAR
MEAN pH OF ADIRONDACK LAKES - 1975

“"PURE" RAIN (5.6) -
MEAN pH OF ADIRONDACK LAKES - 1930's
DISTILLED WATER .
[ffKING SODA AMMONIA

II‘EEIH 3 T 1.1

B |
6 12 3 4 5-..6 7 8 9 10 11 12 13 14
ACIDIC NEUTRAL BASIC

Since the pH scale is a logarithmic scale, a change of a pl from 7 to
6 represents 10 times as many hydrogen ions, a change from 7 to &

represents 100 times as many ions, and a change from 7 to B represents
1000 times more hydrogen ions.

~p




Natural rainfall is slightly acidic, with a pH of 5.6. This is.
due to the fact that carbon dioxide in the atmosphere combinés
chemically with the rain to form carbohic acid ‘(the same thlﬁr that 13
. in carbonzted bé&verages). .
Gases such as sulfur dioxide and the nitropen ov: Jeo are also .
- able to combipe.with rain to form acids. Sulfur dioxide (S0 ) is
. naturally produced durim. volcanic eruptions, but & signifigant awount.
is alse produced as a,byproduct of burning coal containing pulfur .
(which most of our coal contains) and by metal proccssing ‘factories.
Uhen .sulfur dioxide combines with-water, it forms a strong
acid-~sulfuric acid Ho%0 4) . HNitrogen oxides (l\'Ox ) gre found in
autoniobile cxhayst. Thcse corbine with rain to form nitric
acid-~another strong acid, . . * o

[
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VI IS ACID RAIL A PROPLLI? - . ’ ' \
Areas such as the Adirondack Lakes ‘of Iew York %tate and tre :
‘northern parts of l'innecota and isconsin are gspecially sensitive to
domage {rom acid rain because they have lakes with a haid pranitic .
bottom. “Lakes which have limestone bottoms are able to neutralize the
+ effects of the acid rain because the limestone acts lilie a buffer.
However, mountain lakes, or lakes in areas where glcciers have wcraped
of{ the top layers of rock, cannol, neutralize the acidity and so the
acid concentration in Lhe vuater builds up, Kkilling fish and living
organisms.’
Toth plants and anime ls are affected by & drop in pt.,
Interference with reproduction in fish occurs with even a small
decrease in pH, leading to barren lakes. Ninety-lakes in the .
- Adirondacks are f{ishless hecause of acid conditions. The productivity
of plants is ulso reduced due to acid rain. ) '
- In addition to damage to planls and animgls; acidic conditions '
leach heavy toxic metals (such as mercury; lead, and arsenic) from
* s0il and introduces these into the -ficod chaln. Statues and stone
" monuments (such as the Parthenon in Greece) are also being worr away

v by the acid precipitation. .
The shaded region in the map below demonstrat®s the extent go
M “which the zcid rain problel: has spread across the United States. -

Shaded areas have an avérage ralnfall wlth a pH of less than 4.5,
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VHAT CAN BE DOME AROUT ACID RAIN? o

The acid rain problen is a direct result primarily of the use of
coal as a fuel source and -secondarily of auto exhaust emissions.
Certainlystiffer regulationg to limit the amount of sulfur cioxide
and nitrogen oxides would reduce the amount of acid rain, but the only
sure measure is to use alternative energy suppliés that don't cause T
environmentzl damege. This will rost likely demand that consumers .
change their lifestyles and use less energy. An International Joirt
Corriission has been established between Canada an¥l the United States :
to try to repulate the emissions of pollutants on an international’ I
scale. : :

.In addition to changes in energy ‘'sources, a great deal of
research needs: to be done to understand the causes and effects of aciu
rain., It might be worthwhile to point out to students that scientists
don't have all of-the answers. Perhaps one of them will help o
discover what can be done about acid rain. ' .
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- THE UATER CYCLE

MODULE OVERVIEN

The following activities are designed to allow students to
explQre the phenomena of evaporation and condensation vhich make up
the water cycle. These ideas will be introduced using & model of the
water cycle. OQuestions raised by the model will be explored through z
series of hands-on activities which will require the student to rake
‘observations and predictions to help them understand concepts
associated with the model: It is not necesgsary for 21l of the
students td do all of the activities. ' Allow their interests and )
questions to guide you in the selection of appropriate activities, and
cdon't feel limited to the activities described here. lany students
will raise questions that can lead them into d051bn1nF their own .
experinents,

APPROXIMATE TIME: 1 week

YEY CONCEPTS FOR THE HODULE
. L. ‘hen water is heated, it turns into a2 gas (water vapor) by a
proces known as EVAPORATIOMN.
. llhen water vapor is cooled, it turns ihto a liquid by &
process known as CONDENSATION.
C. In nature the processes of evaporation anc condonsatlon g0 on
continuously and are referred to as the VWATER CYCLE.

MATERIALS NEEDED FOR THE UNIT >

Gallon glass jar, small container (e.g., baby food jar), plastlc
wrap, assorted containers, measuring cup, thermometers, pitcher,
plastic glasses, ice, water cycle wheels.

ItITRODUCTORY ACTIVITY it

PREPARATION SUCGESTICHS:

A simulation model of the water cycle is a useful way to
illustrate the concepts of evaporation and condensation while at the
sane time serving as a good motivator for discussion.

Directions: FOR GOOD RESULTS, SET UP THE IMODEL ONE DAY BEFORE
ORSERVATIONS ARE TO RE MADKE.

1. Obtain a 1 gallon glass jar or souc other large container such as
a small aquarium.

2. Fill a small container (such as a baby food jar) with water &nd
place it at one end of the large container.

3. Seal the large container with plastic wrap.

4, Place the model so that one side will be warmed (for instance,
near a lamp, a heater, or in the sun).

€, The model is ready for use when you see droplets of water at the
cwel ena of the jar.
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PROCEDURE :
1. Draw the students' attentioh to the model with a question such as,
"hat do you see happening in this jar?V N ‘
2. Frem’the coments and questions generated by the students as the
various groups share their observations and inferences, initiate a
discussion with some questions such as the following:

a. "What do you see in the jar?" .

b. "Where in the jar are the water drops forming?"
¢. "Is one part of the jar warmer or cooler than the other?t
d. "Wr-~re do the drops of water come from?t

ACTIVITY RLOCK A--WHAT IS EVAPORATION?

MAIN IDEAS:

1. Energy (in the form of heat) is necessary for evaporation to
take place.

2. An increase in heat will increase the rate of evaporation,

MATERIALS: / )
Assorted containers, weasuring cup, thermomecters (one per group).

SAFETY CONSIDERATIONMS:

Remind students to use the thermometers for measuring
temperatures ohly (e.g., not for stirring) and that they are
breakable, ‘ :

PREPARATIOM SUGGESTIONS:
Ho advanced preparation is necessary except to obtain the
necessary materials. Students will set up the activities in class.
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Paraphrase: "In the model that we observad, we saw that water
drops collected on the side of the jar. The next few activities will
help us to see where that water comes from."

Question: Uhere in the classroom does evaporation take place the

fastest? .

+  DPROCEDU!
) Using the same groups that were fcormed the day before, provide

geach with a container and one cup of water. (Re sure that each group
uses the same amount of water.)

Each group is to choose a loacation that they predict will effect
the fastest rate of evaporation. They should place their container on
that spot. All containers are to sit there overnight. "The next day,
each group should measure tae amount of water left in their container
and report that amount to the rest cf the class.
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'FOLLOL-UP DISCUSSION:
From the coments and questions generated by the groups!' results,

initiate a follow-up discussion with questions such as:
a. "ijhich container showed the greatest amount of evaporation?"
b. "'hat might have caused the faster rate of evaporation?"
(Evaporation will have taken place faster in niost cases if the
containers have Leen placed near heat of if a uind is blowing over

th Qlite ) ? )

EXTENSION: Further Investi~ation

At this point you might challenge groups to design tests to find
out how each of the following factors affccts the rate at which uater
evaoporates: temperature, movement of the air, amount of liquid
cxposed to the air, kind of liquid, anount of moisture in the air,
ctc. - Niscuss the necessity of settiny up at leasi two conditions for
cach test, 50 that results can be compared ard the importance of
varying one factor at & time (i,e., controlling variables).

RIC 13
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ACTIVITY RLOCK B -— VAT IS COMNDENSATION?

“aIN IDEAS:
1. 'hen water vapor is cooled, the vapor condenses into drops of
liquid water,
2. 1In order for rein to form, three conditions are necessary:
a. the air must be saturgted with moisture
b. the water vapor must ‘cool
c.. there nust be particles for the water to collect on.

MATERIALS: ) .
Pitcher, S glasses, ice. |, -

PREPARATICH SUGGESTIONS:
Fill a pitcher with water and ice and set aside for about 15 to
. 20 minutes until water drops form on the outside of the jar. (If it
- is extremely dry in the room, it will take longer.) You will need
tl:is for the second part of the activity,
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Fecus:

Paraphrase: In the last activities, we saw that if we leave s
dish of water out in the air, it will soon be gone (evaporate). In
the model that we observed, we saw that somehow the water formed into
dgrops on the side/top of the jar. . ‘

Question: Which of these do you think will produce the most
water on the sides of the glass?

PROCEDURE.:

1. Set up the five glassses as shown above, and then ask the
students to predict which of these will produce the most water "
droplets on the sides of the glasses. 'rite on-the blackboard their

_predictions and 'any reasons they give-at the start of the activity. °
Then say, "Let's try it-and find out.". Have the glasses on & high
table or desk so all the students can easily see them, and have them
record their observations to see how close their predictions were.
lave them predict results if they can and write these on the
blackboard as well. (The ice water glass should produce the most

_drops; but with a humid room;—the glass of ice may, too, especially if
the ice is touching the sides of the glass.

2. MNow,-put the pitcher of ice water in front of them and draw ’
their attention to the drops of water on the side of the glass.
FOLLCW-UP DISCUSSICH:

Have the students share their observations and use the corments
and questions generated by the students to initiate a follow-up
discussion to help them to understand the concepts they have been
exploring in the activities &f this module. Help them use the
information they obtained to understand what 'happened with the ice
pitcher, the original model used at the beginning of this module, and,
finally, to understand how rain is formed. The following bacliground
information might be helpful.

TEACHER RBACKGROUMD INFORMATION:

The moisture-filled air around the glass pitcher was cooled by
the icy pitcher so that the water collected on the side of the cold
glass. The moisture in the air that came from the water evaporating
from the little jar in the big container (the motdel from the first
day) was cooled sufficiently to condense, collecting on the side of
the glass away from the heat source. In order fcr water to condense
(1) the air eround must have water vapor in it; (2) the air must be
cooled, and (3) something f ¢ the water to collect on must be
available, So, too, rain is formed when (1) the air in the atmosphere
(the clouds) has water vapor in it; (2) the air is cooled, and (3)
‘there is something for the raindrops to form on (i.¢., dust
particles).
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ACTIVITY. PLOCK C -- VUAT IS TUE VATER CYCLE? N

MALt! IDEAS:
Water exists in nature in dlfferert forms and these ferms are
interchangeable through a process called the water cycle.

MATERIALS:
Handouts for maliing water cycle wheels,

FOCUS:

Parapanrase: In the last few activities we have seen that if a
Cish of water is left out, thé water will soon, ev‘porute (turn into
water vapor SO we can't see it). When thé air is cooled, the moisture
in the air will f6rm into drops of water (condense). The next
activity will help us to see how these processes (evaporatlon ahd
condensation) are invelved in nature to malke rain or snow
(precipitation).

Question: lhat is the water cycle? b

PROCEDURE:
Pass out the materials for making the Yater Cycle Vheels. Allow
ther: time to color and construct then.

FOLLOU-UP DISCUSSION:

For the follow-up discussion to the Hater Vheel activity, use the
sinulation model again. Have them decide as a class how the model
should work if it is attempting to explain what happens in nature
(relating what they observed in the model as well as in nature).
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Directions

1. Color both wheels.

2. Cut out the complete wheels
and the “ark areas.

3. Put the top wheel under
the bottom.

4, Fasten with a brass
fastener.

]

WATER CYCLE WHEEL
Adapted From:
Interdisciplinary Environmental
Ed-ication Project, Broward County,
F.orida




HIHNE$OTN'S GLACIAL PAST

MODULE OVERVIFY ‘
In this second module, the students will construct time lines vo
help them understanc ti¢ concept of reolonic time. They will study
the state's peologic history, visuelly depicted by = flip-booklet.
Strear tables will be used to study the formation of kettle lakes.

APPROYIMATE TINME: 1 week

KEY COHCEPTS OF THE: MODULE - ~ -
A. Events in ‘history can be expressed on a time line. .
B. During llinnesota's past, glaciers have alternately covered
and uncovered the state, leaving their marl: upon the face of the

land. . )
C. Many of the lakes in thre state were formed when large picces

of & wlacier broke off an¢ melted, forieing liettle lakes.

»

MATERIALS I'CEDED FOR TUE IODULE
Rolls of adding machine tape, Glacisl Flip-Eooklets.

INTRODUCTORY “ACTTVITY

TEACHER RACIGROUMD: ‘

Discussion of vast amounts of time can be very confusing to the
elemantary student. TFor this reason, it is suggested that a graphic
means be used. This can best be accomplished with a time line where
time is represented’as distance on a long piece of paper. | The
following activity will usc a time line represented cn a piece of
paper S umeters leng. The time pericd represented is 500 million
years; hence cach centimeter represents 1 willion years.

PREPARATION SUCGESTIONS:

' Prepare the time line illustrated helow using a T-metcr roll of
paper., Remember, each centimeter represents 1 million years, so the
ark for 180 million years ago should occur 140 centimeters to the
left of the right hand wargin of the paper. Alse, place the day's
date to the right.
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PROCEDURE:

Introduce the time line with the following story.

"Tmagine that you are an ancient astronaut exploring the
universe. One day you are traveling near a star listed on your star
chart as the sun when you notice something remarikzable. Off to the
side there is a suwirling mass of dirt and gases. You decide to stay
zround for » while and watch., As you do, the swirling mass starts to
terden into a larage ball.

-~
w

"If you\had been that ancient astronaut, you would have been
viatching the birth of the earth. Seientists believe that this
" happened nearly\u and 1/2 billion years ago. Four and one-halfl
billion years is, very hard to imagine. One way that we have of
thinking about very long times is to use a time line. On a time line,
years are changed ‘into distance. Ve will use a time line that is 5
meters long. Our time line is going to represent 500 million years of
Lime." (NOTE: Each\centimeter will represent 1 million years.)
Slowly unroll the time line from the present to the past. Have
students comeé up and hold the time line as it is whrolled, Point out
the various time periods. Students should be aware of the relatively
short history of human organisms. You might also point out that this
time line represents only»§00 million years. How long would it have
to be to represent the hictery of the earth? (115 peters)

-

ACTIVITY BLOCK A--WHAT IS A TIME LINE?

LATH TOFA: ’
Events in history can be expressed on 2 time line.

MMPERIALS:
Rolls of adding, wachine tapc.

FocUS:

Paraphrase: lle caw that events in the past cun be put on a time
‘1ine. In this activity you will have a chancc to make several tiwme
lmes.

Ouestion: tHow do you make a tine ling?

o

’
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ACTIVITY 1

PROCEDURE: :

Divide the class into pairs. Provide each pair with adding
nachine tape.

Fach pair is to make a time line (these will later be shared with
the class and perhaps put up en display). . b

1. Life Time Line :

Students . should measure/cut out & strip of adding machine
tape 15 cm long. Tell them to start at the left side, marking every
centimeter and numbering these in order as showun below.
= \ ’ N : .

Students should usc different colored markers to indicate
: 1. how old they are today,

2. when they started school, -~

3. how old they vere in each of the different gradea.

2.. llistcrical Time Line T e e

Students should obtain a strip. of adding machine papey 1
meter (1000 millimeters) long. Each nillimeter represents one year.
The far right end represents today's date. Asl¢ students, "How wany
years ago were you born?" Tell them to make a mark that many -
mllllmeuers from the rlvbt edge.

Students—stiould find out how long ago each of the follOW1ng
events took place by subtracting that date from today's date. That
will tell ther how many millimeters to measure from the right. lave

" then male a picture to illustrate each event:
1. Civil Var--186l :
2. Declaration of Indeperdence—-1776

2, Columbus? voySgc "t6 “America--11492

ACTIVITY 2 -
As a class project, students may wlsh to make a large time line

Foing back to the last glaciers in Minnesbta., The last slpciers are
thought to have left the state about 10, OGO years ago. Hith cach
millimeter representing one year, they would need 10 meters (zbout 33
feet) of tape. Perhaps this would be' a gobd "hall prcject.”

Mark on the tape such cvents as: !

1. students' ages \

2. age of the school !

3. *the year your city uas founded |
Y L, the year linnesota became a state %1858)

5. the signing of the Declaration of Independence (1776)

6. Columbus' discovery of America (1499)
7. the disappearance of glaciers in Mlnneuota (10,000 years ago)

i
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ACTIVITY BLOCK R--~UHAT DID THE GLACIERS DO TC V'II%IESOTA? .

VALY IDEA:

Buring !innesota's past, glaciers have alternately covered and
unicovered the state, leaving their mark upon the face of tne stzte.
UATERIALS:

"iinnesota's Glacia)l Past" handout, Glacial Flip-Booklet
FOCHS:

Paraphrase: “In the last activity we saw that events of the past
can be put on a time line to help us to picture the great lengthis*of -
time involved. In this activity we will look at some of the events in ) ..
llinnesotz's past, especially the glaciers that helped to make the
rivers and lakes of the state." : ‘

Question: IHow did the glaciers change the face of liinnesota's
land?

* PROCEDURE:
Divide the class intoc groups of three to do the following two
activities. :

ACTIVITY 1
Fach group should answer these thiree questions after reading
the handouts anid perhaps doing further research. ,
1. Uhat is a glacier? ‘
2. ‘then vere glaciers in HMinnesota? N
. 5. How did glaciers sffect the way Minnesota looks today?
HOTE: Students will need to do research to ansuer these questions,
Since materials on glaciers for students might not be readily
available, the handout niinnesota's Glacial Past”. should provide the
background information that tiwe students would rieed to answer the last
tuwo questions. Also, the flip-booklet ¢n Minnesota's #laciersqwill
help the students to visualize these qhanges.

ACTIVITY 2 R
‘Each group should carefully plan and implement (after the
teacher has checked over thr plan) a projeot such as the following: a
neuspaper .describing the glacier's activity, posters and murals, a TV
. ihow (news, "talk," or documentdry format), pamphlets to distribute,
:'tC. . .

NMOTF: These projects could be presented to the rest of the class (or
to other classrooms in the school) and chared with parents.




FOLLOV-UP“DISCUSSIOI): \ . o .
Have each group share their responses to the questions (have then
turn in their ¢~oup peapers for evaluation purposes) and develop the
"discussion unti. sou feel they have sufficient background to plan the .

group projects.

L]




HIMMESOTA'S GLACIAL PAST
—— THE FACE OF THE LAND’

ughly feur and one~half -
years = ago a very
catle event took place.
Mt of a swirling mass of
gases and dust & new planet
vas fomed--or. so scientists
nave ruessed,  The first four
villion years of the earth's
history vere so full of
changes that there are very
few records of any kind to
show scientists what this time
was lile. Violent volcanoes @
ard earthquakes, mnolten lava |
an¢  poisonous gases covered [
" the eartih, It is not R,
surprising that life didn't W
appear on the earth until the
cargt. had cooled, oceans had
appearced, and the atmosphere
wd  changed to the oxygen and
nilregen  atmosphere that we )
nov know, . This first
appearance of 1life occurred
atout', 500 willion years ago.
Thesc~&early life forms were
very Suhll water plants and
animals, %3
low do we know about the earth millions of years cago? Certainly
there were no people to write histories. The few records thiat we do
R havé of the early history of the earth come from : studying rocks., ‘Vhen
you look at pictures of the Grand Canyon, you irrediately nctice the
_bright bands of color in the rocks. These bands represent different
kinds of rocks ‘that were forwed during different periods of the
earth!s history. Py. studying these bands of rock, scientists can
learn a great deal about th2 way that the earth was formed during the
first four billion years of the carth's history.
that were some of the events that
Rx==j occurred in Minnesota during these carly
years? At first the earth was covered
with seas of hot lava that-poured from

e aws -

~

P

the ¢éenter of the earth, Pressures
building up inside of the earth caused
hreat mountains o be lifted up. These
mountcins  towered over MNMinnesota for
millions of ycars until wind and rain

T - croded ther, away lcaving only the
e - granite hills along Lake OSuperior's
E;‘ ~ — "“’""inorth shore as & reminder of these

’ prehisforic mountains.
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Cecears coverea  :oart of - = e
inneceta ! ol . everal — - g-—-i—"_:___% ==l
oceasions. Five hLundred % — e —
villion yeary apce owas covered
all but the northerrmost tip =
ve . . —— P
of Vimnesote., Fossil rerains | == 4 - P e o - 3
. : - T LS P e
cf  ccean ap}mals_ are a | = mmm——m—m . —wm >
reminder of this time when - T T —_— e
v o3 - - . vt —— e e
‘innesote was under water. e e— . T — ——
R __Tuice A.mm,.filﬂﬂﬂ aillion- years - TS U "m o ‘W::
aro  anC 250 million years ago, [Z7 o — =1
“innesote  again formed the [T R T e W
N ocozn  bottom  for a vast Wﬁ””"'% — ey,
R " world-wide sea.

The climate ' of liinnesota

T u“tmm"uu“ ‘m"m"mum" alsc went threusi riary
‘ - changes during the tire from ]
‘ S arctic  cold  to tropical
‘ , R tsarmtn, Durirg the cold g
. periods, the state was often
“Aitpr A covered with great sheets of
¢ ] B ice. Duriry these Ice Ages
/ 3 B tremendous chanres  tool. plaee - S
in the face of !linnesots,
resulting  in  the leites and
. rivers, hills and valleys thet
\ \ NN nake up  the llinnesota that we
R ‘7///:';;4:.,”," ///h/lm lznow togay. Line ) t fat
! \
Up to tlis point we have
been cpealting about l'innesota, b
but realiy the Stzte of
Mipnecotez @S o receraphical
lecation isy @ very new idea
considering \the vecst anounts
o time that we are tallding
atout. tignesota becaie a
territery in 1848 and a ctate
in 1850--just) a little over a
hundred  jears azo.  Just think
of &ll of the changre that
. thisz 1ot went throush before
Yol end Jivided it up into
\ . litical units of comties
and states.
Q
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The ;State of Minnesota lies roughly between 90 and 97 degrees
west longitude (lines that cxtend between the north and south poles)
and betwéen 43 and 49 degrees north latitude (lines parallel to the
equator). This puts it roughly in the middle of korth America (see
the map of MNorth America). The area of Minnesota is 84,068 square
miles and the 10675 estimated census was 3,926,000. This makes the
state 12th largest in size and 19th largest in population.
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Minnesota is referred to as the "Land of 10,000 Lales," but iﬁ\\\
reslity there arc more than 14,000, During the latest glacial age, -,
~ -tfe Ztate was covered by six preat lakes, the largest of which, Lake
Agassiz, covered the northern quarter of the state. These lakes,
along with the Glacial River Yarren, formed drainage areas which would
later become rivers and lakes. :

We have looked at some of the changes that have occurred to form
the Minnesota that we recornize today. Volcanocs, eartnquekes, and
~laciers have worked together to form the lal:es, rivers, hills, and
valleys of the state.

37 :




E

Q

RIC

Aruitoxt provided by Eic:

~48-

FORCES THAT HAVE FORMED T LAMD
The formation of the earth involved many violent forces. The
heat and pressure nccessary to form the swirling nass of gases and
dirt intc a solid sphere also created internal pressurés that :
continually cause the earth to change. The cooling of* this hot sphere

¥y T 0 O e

caused shrinking, wrinkling, and folding, resulting in the uplifting
of mountain ranges.

There are still some reminders of

this long ago time in the hot, molten
core of the earth. COCccasionally this
rolten core will find a weakncss in the
earth above through which to emerge.
This is referred to as a volcanc.

Most people are familiar with such
volcanoes as Vesuvius in Italy and Mauna
- Loa in Hawaii. any of the world's
nountains arc former volcanoes. _
2 Remmnants of volcanic rock found in ‘ ‘
Minnesota show that the state once ‘
contained active volcanoes.

Volecanic mountains are not the only
form in which molten material may be
brought to the surface. Often molter
lava will force its way between older
rocks and flow to the surface. The
nort.: shore of Lake Superior is an
example of a region in which lava formed
‘large sheets of igneous rock as it
forced its way to the surface. One of
' the oldest known kinds of rocl: on the
-surface of the earth, the Ely

‘Greenstone, is an example of this type ’
of rock formation.

Volcanoes are often N
assceiated uith violent i - s
novenents of the earth called : * 7
ecarthquares. Fartnquakes

conersllv occur along lines of
weakness in the underlying
rock referred to as faults,
Pressure, cither due to
shiftivg rocks or to
underpround molten rock, cause
rovemert of huge rock masses
along the fault line. - .
Farthquakes result from very .
rapid rmovemenus. .

owever, movements of large masses of land occur comonly at a
very slow rate., leny of the continents and mountain ranges have been
fermad by é}adual movements of land masses. These processes take
millio%s of years.
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llhile volcanoes and earthquakes
tend to build up land structures, the
third force, erosion, tends to level off
the land. UYhenever roclks are exposed
they tend to be worn avay by the action
of wind and uiater, which breal’s rocks
into tiny fragmnents and cerries them
away. Gradually, over millions of
years, great mountzin ranges nay be
leveled or huge canyons carved by the
action of moving water,

Other types of ueathering niay
occur., The freezing cnd thawing of
water in rock craclis nay result in large
pieces of stone breaking off.

Biological species such as lichen have
the ability tc dissolve rock and use the
minerals for food. The action of uaves
will continuzlly change the eppearance
of a beach.

All of thece processes hsve had a part in the formation of

Yirnesota as we now see it.
not evern beer nenticned yet.

However, the mos§ important process has

That is glaciation.
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HINNESOTA'S GLACIAL PASYT

tiithout a doubt the most important factor in deterwining the Fece
of the land for the State of Minnesota was the tremendous force
exerted . by glaciers. Four major ice ages covered Minnesotz, the last
teing as recent as 11,000 years ago.

The first mwajor ice age, the MNebraskan Ice Stage, occurred &
million years ago. This ice sheet extended as far south as St. Louis,
Missouri. This ice probably covered all of iiinnesota, with the
exception of a small region in the southeast corner of the state.
However, it 1is hard to tell anything more about the effects of this
ice sheet, because most of the effects were wiped out by the next ice
age. ’

We do know that this ice age lasted for a very long time. It was
followed by a warmer, moist period. Puring this interglacizl
interval, the huge wooly clephant, the:mamnmoth, roamed the state.

The second ice age occurred 400,000 years ago. This ice age, the

Kansas Ice Stage, ertended as far south as Kansas City. Again, this /

ice stage covered almost all of the state, with the exception of«a/
small region in the southeast corner. /

A very long warm period followeﬁ
this glacial age. The glant beaver an
the giant sloth were thought to b
comion at this time. The giant beavqr
vas roughly the size of a black bear,
ranging up to nine feet long ard
weiching up to 500 pounds, Fossil
remains of this eanimal can be seen at
the Science Muscum of Minnesota, in St,
Paul,

One hundred and fifty thousand years ago a third ice age, the
Tllinoisian Ice Stage, covered most of Canada with major ice novements
(called lobes) extending into Minnesota -and Illinois. Again,
Southeasterr litnesota was not covered by the ice. This ice age way
have only lasted a few tens of thousands of years.

The period between the third and fourth ice ages was cooler than
the previous interglacial periods. The mastadon, another form of the
©lephant., was found in the state during this time.

The final ice age began 100,000
years ago and lasted for about 90,000
years, This period, referred to as the
Wisconsin Ice Stage, had many lobes
which significantly formed the present
topography of Minnesota. This period is

o

very complicated. Three major lobes,

A= il the t'adena Lobe (later extended as the
"8 J%wmmw Grantcburg Lobe), the Superior Lobe, and
Miralltig the Rainy Lobe alterrately extended into

and retreated from the stote (see Figure
3). '
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A GLACIAL FLIP~BOOK .

Cut out each page of the
book.

Arrange the pages in order.
starting with the present
and going backward by
years to 35,000 years ago.
Line up the pages.

Staple the left side with
two staples.

Flip through the book with
your thumb and watch the
movement of the glaciers.
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ACTIVITY BLOCK C~-HOW DID THE GLACIERS FORM LAKES?

MAIN IDEA: 0, o
Many of the lakes in the state were formed when large picces of a
glacier broke off and nelted, forming kettle lakes.

" MATERIALS:
Stream Table (see Appendix), ice.
FOCUS: o '
Paraphrase: mje have scen that the glaciers bad a trehendous

affect on the way that Minnesota looks today. This activity with the
stream table will look at the way that glacial lakes formed."
Questions: How did the glaciers form lakes?

PROCEDURE:
Divide the class into groups, each with their stream table and
,scme ice cubes, [Form the sand as shown in the diagram. !'ix one end
of the stream table with crushed ice. In the other end, partially
' »bury chunks of ice in the sand. Allow the ice to melt and observe
what happens. For the best formation of kettle lakes, the sand needs
to be fairly wet. .

MASTIC BEUT MAF R VINS A3 ¥ SAOURS WATIR SENERITRANGN

o G oy i ST )
e N D |
;;"‘.{";0:2':‘.. ( DA .Z'-“;"S:.:.: : :. ey

PR R Y R e bRy

16 299

ne AFTER GLACHAR MELTE

2IA
MORAMES ANO PLAINS QEFORE SLACIER MRLYTS

FOLLOW-UP DISCUSSION: : ¢

Ask the students to describe what they have observed. (Little
‘lakes are formed.) These kinds of "lakes" that are formed have a
special nhawz because of their shape. Ask the students if anyone knows
what they are called? (Accept various answers and then tell them that
the "lakes" remaining are called "kettle lakes" because of their
resemblance to large cooking kettles.) '
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ACIDS AMD ROCKS

1ODULE. OVERVIEW

In this module, students will focus on some of the materials that
niake up ilinnesotz lake bottoms by studying and classifying various
inds of rocks. They will experiment with the effects of acid (i.e.,
vinegar) on these rocks to help them understand vhy some lakes are
particularly sensitive to acid rain.

APPROXTHATE TIME: 1-2 weeks

FEY CONCEPTS OF THE MODULE:
A. Tocks can be classified on the basis of their properties.
B. Some rocks will react with an acid (such as vinegar) to
neutralize it. '
_ C. Acids can dissolve metals in the water, resulting in toxic
(poisonous) materials being released into the water.

VATERIALS NEEDED FOR THC MODULE:

Pop bottle, balloon, baking soda, vinegar, rocks (granite, slate,
sandstone, limestone, dclomite), chalk, shallow dishes, galvanized
nails, eyedroppers, glass microscope slide or mirror.

TNTRODUCTORY ACTIVITY

PROCEDURE.: . . ‘ |
Place approximately 1" of vinegar in the botton of a clear soda
pop bottle. Put two teaspooons of baking soda into a balloon. The
balloon should have been blown up beforehand to "stretch it cut,"
Place the end of the balloon over the neck of the bottle being careful
rot to let the baking soda and the vinegar mix (see diagram).
Tell the class that the bottle
contains an acid (vinegar) and
the balloon contains a crushed
rock (in reality, carbonates,
a class of chemical compounds
including baliing soda, are
B 1. , found in some rocks). Ask
f&kcjfida, them tc watch what happens
when the two are mixed.

e
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"'hat do you See happening when the acid anc¢ the crushed
"rock" are mixed together?" Students should observe that the .
balloon blews up ard that bubbles were given off from the liquid.

Paraphrasc the following: i

"le say that the acid and the rock reacted together. How do .
we know that they reacted°" (That bubbles were formed gives us a
clue: something new was formed--a gas.)

"In the next few act1v1t1es, we Will be studying the ways in
which the kinds of rocks found in lake bottoms affect how lakes
are damaged by acid rain,"

ACTIVITY BLOCK A--WHAT ARE THE ROCKS?

PAIMN IDEA: -
Rocks can be cllassified on the basis of their properties.
x
HATERIALS: \
Rocks that stuCents have collected or prepared rock
collectlons (see addltlonal resources section).

PREPARATICM QUGGESTIONS.

Several days before the scheduled activity, instruct the
students to begin collecting rocks. Tell them to look for rocks
that look different and are fairly small (about golf ball size).

FoCuUs:

Parazphrase: I have asked you to collect and bring in some
rocks so that we can study and classify them.

Ouestion: How-are these rocks alike and different?

PROCEDURE :

Divide the class into groups of three or four.

Instruct the students to choose five rocks that szem nost
different in appearance. They should place each rock in a space
under the heading "rock." Tell them to think of one
characteristic/property of each rock that makes it different from
all of the other five rocks, and write that characteristic next
to each rock under the column marked "difference." Have them
complete the remainder of the chart by describing the color of
each rock and whether it is shiny or dull.

Have the students number the rocks with a2 small piece of
stick-on tape, labeling the rock in the first space "1," in the
second, space "2," and so on until the last.

After they have numbered their rocks, have them trade charts
and rocks with another group. ‘ithout looking at the numbers,
have them see if they can decide which rock goes into which |
space.

FOLLOW-UP DISCUSSION:

Have each group share their chart with Lhe class. Point out
to the students that this is similar to the process that
scientists use for identifying rocks.
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ADDITIONAL RESOURCES: .

To be sure that the students have & variety of rocks to look
at, you fiay wish to order some of the prepackaged mineral
collections available. The fellowing are some sources:

Earth Science Materials

P.0. Box 2121 ) . \
1900 E. Lincoln Ave.

Fort Collins, CO 80522

(303) u84-2529

(Several kits available)

Turtox/Camboaco

8200 South !loyne Ave.- \
Chicago, IL, 60620 )

(312) u488-4100 . .
(Basic collection of 15 rocks and minerals #700-362)

i tlasco
901 Janesville Ave,
Ft. Atkinson, WI 53538
(414) 563-2446 \ -
N (MNasco Rock.Collection--SA63621-DJ6362)

Ward's Natural Science, Inc.

P. 0. Box 1712

Rochester, M. Y. 14603

(716) u67-8400

(Cleveland Elementary Science Collection {451/0210)

o

ACTIVITY BLOCK R--{HICH ROCKS VILL REACT UITH VINECAR?

ALl IDEA: .
Some rocks will react with an acid (such as vinegar) to
neutrelize it,

PATERIALS:

Students! rocks (zlso samples of calcite, granite, slate,
sandstone, dolomite, quartz, linestone, and marble, if available)
white vriting chalk, small shallow dishes, vinegar.

TEACHER RACKGROUND: : -7

The "winegar test" is a standard identification for the
presence of carbonate containing rocks. Sodium carbonate
{cormonly called "washing soda") and sodium bicarbonate (baking
coda) are two carbonates found around the house. Vinegar reacts
vith these carbonates to produce a rapid burst of carbon dioxide
butbles,
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ACTIVITY 1

MAIN IDEA: 3
Some rocks will react with acid.

MATERIALS: | )

Students' rocks (also samples of calcite, quartz, linlestonc,
and marble, if available), white writing chalk, staall. shallow
dishes, vineger. ' :

PROCEDURE:

Provide each student group/with the materials listed above.

Students should fill a
shallow dish with 1/4-1/2 inch
| of vinegar. They then shoula
¢ place each of their rocks in

’ the dish and observe for the
presence of bubbles. If
bubbles formi, they should put
a plus under the heading "Do
you get bubbles with vinegar?"
If no bubbles form, then they
should put a minus.

Have them leave the
dishes standing for 24 hours.
At the end of that time, have .
them record any obhservations
in the column, "Do you get any
bubbles with vinegar?" Ask
the students, "tlas there any
\L change in the size, shape, or

color of the rocks?"
In another dish also containing 1/4-1/2 inch of vinegar, have the
sstudents place a 1 inch piece of ché%k and pieces of calcite, quartz,
" limestone, and marble (if available). Ask them, "Vhat happens? lhich
. reacts nost rapigly?" \ ‘
FOLLOVW-UP DISCUSSION: \ ‘ hn
’ After the gﬁoups have shared their observation sheets, you might

" want to discuss the relationship betweeh chalk, limestone, anc martle
(see Teacher Background). \
}
| \
ACTIVITY 2 ‘ \

iy
v

MAIN IDEA: L

__ The reaction of an acid with a carbongte containing rock will

neutralize the acid. \
‘ \

1

HMATERIALS: x
Provide each gron with three container's, chalk, vinegar, and red

cabbage water. (NOTE: Some school room challs are not carbonates and
\
Jon't work--try yours [irst.) \
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Some rocks contain calcium curbonate, which alsoc reacts with ‘
vinegar. Exauples of carbornate containing rocks are calcite,
limestone, marble, and some forms of chalk. Chalk and limestone
will generally react very vigorously with acid. In fact, marble,
limestone, and chalk ae really the same things. !rmi5 Chalk
represents the skeletal remains of dead sea organisms. Time and
the pressure of other materials filling in presses these
skeletons into chalk. Over thousands of years, more pressure
changes this chalk into limestone. Limestone is important to
Minnesota, since much of the state lies on a layer of limestone
bedrock--one of the indications that Minnesotz was once covered
by seas. Additional time and pressure may further compress
limestone into marble. *

Environmentally, this is very important. Some lakes, such
as those in south and central Minnesota, have lake bottoms
composed of limestone. When acid is added to the lakes in the
form of acid rain, the limestone is able to react with the acid
to neutralize it. This ability to neutralize acid is referred to
as the buffering capacity of the lake. In other areas, such as
northwestern i!innesota, the glaciers scraped away this limestone
layer, leaving only the hard granite bedrock exposed. Granite
will not react with acid to neutralize it; therefore, lakes with
this sort of bedrock are very sensitive to damage from acid rain.

g

FOCUS; = , \ .

Paraphrase: "In the last activity d% saw that we could
classify our rocks by things about them that are alike and things
that are different. In this experiment, we will look at the ways
shat some rocks will react with vinegar. WWhat happened to the
bal:ing soda in the bottle tie other day?" )

Question: Uhich rocks do you predit will react with
vinegar? :
9
v
¢
" Q—ﬁ
NI TERS




PROCEDURE.

Tell students to place 1" of vinegar in two containers. In the
third container, tell them to place 1" of tap water. Tell them to
label the first container "vinegar" and the third "water." Have then

add about 10 drops “(until there is a definite color) of red cabbage
water to each. \

Ask the students, "oes the color of the center container look
riore like the vinegar or the water?"
Have them add a 1/2" piece .of chalk to the center container.
Asl: the following: "ihat happens?"
UAfter the reaction has stopped, does the centcr container look
" gore like the vinegar or the water?"
mhat has the chalk done?"

FOLLOW-UP DISCUSSIOH: .

Have members from each group share their observation sheets.
(FOTE: It might be a good idea to remind the students that the reason
‘the vinegar container is red is because it contains an acid (vinegar).
The chalk "tzkes away" (neutralizes) the acidity. Don't leave the
students with the idea that vinegar turns into water). i}

ACTIVITY RLOCK C--\FAT DO ACIDS DO TO HETALS IN THE ENVIRON i?

TATH IDEA:
Acids can dissolve metals resulting in toxic (poisonous)
materiols being released into the water.

MATERIALS:

Each group will need:

Galvanized nails used for nailing shingles (HOTE: galvanized
nails sre just iron nails covered with zinc to prevent rusting, and
they are available in harduare and building supply stores), two
containers, vinegar, eyedroppers, and glass 'slide or mirror.

TEACHER DACKGROUMD:

Pesides tr.e direct damage that acid rain does to organisus, the
acidity also has the property of dissolving metals which had been
creviously in the scdiment at the bottom of the lale. Toxic materials
seh as aluminun, zine, and mercury get into the water and from there
Tnto ‘the water orpanisus. (1'OTE: The toxieity of rany :etals depends
wpor: how.much of the metal is present. Zine, for example, 1s &o

o {roortant nutrient in small quentities, but when too nuch is present,
[ERJ!:‘ it beeomes poisonous.) )

o~




O

ERIC

Aruitoxt provided by Eic:

&

-62-

rFocus: ‘ . s
Paraphrase:  "In the last activity, we sav that certain rocks
were able to react with acids and neutralize (or 'take away') the
acid. This explains why cortain lakes are not as sensitive to acid
rain as other 1aVe
Guestion: ilow does acid rain cause p01sonous metals to be
released into the water?

PROCEREN

Tell tnc students to fill two containers with 1 inch of vinegar,
Into one contaziner have them place a galvanized nail (used for
fastening shingles). They should leave both contalnero for 24 Lours.

After 24 hours, they should put & :
couple of drops from each container on a
¢lass slide or mirror. Aslk "Do you
not.ice any difference?"

Have them let the drops dry. Ask,
m'rere do you think that material in the
arop from the container with the nail in
it comes frem?" (NOTE: You may also
lil:e Lo have them try using a lead
sinler or steel wool ianstead of @
zalvanized nail.)

= SO
AR DN \\ N

(Thic activity is adapted fror Easy Experiments with Vlater Pollution
by Harry Sootin, Four V/inds Press, I'. 1. Used by permission. )

r‘V'I \"\ro Ir\\;

e

lave students research the dawage done by acid rain to buildings
and monunents., There have been several articles about the darage that
is ueing done to the ancient temples in Rome and Greece, as well as to
buildings in Pew York or London, among others. "

\
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APPENDIX

STREAM TABLES

HODULE OVERVIER )

In this first module, students will construct stream tables to
help ther understand geologic processes that take place on a long tinme
scale., They will carry out experiments with their stream tables to
study erosion by water and to study how ground water formis the water
table,

KFY COMCEPTS OF THE IODULE
A, Stream tables can be used Lo study geologibal changes made by
water movement,
B. Streams change in depth and position with time.
C. Ground water (forming the water table) is that portion of
precipitation that doesn't constitute surface run-off{ nor
remain in
the layer of soil but sinks deep into the ground.

MATERIALS NEEDED FOR THE MODULE:
Cardboard box, plastic bag, masking tape, glue, rubber tube,
buckets, sand, one 1 foot long 2" x U4" piece of wood, ice, clothespin

TEACHER BACKGROUMD:

Minnesota has a rich and varied geological history. Some of the
best examples of the work of glaciers in shaping the face of the land
are found in Minnesota. The "oldest rocks in the world,'" the Morton

‘yneisses (almost 4 billion years old) can be seen in the southwest

part of the state. Glacial lakes and ancient river beds are easily
accessible to students in the various regions of the state. All of
these factors combine to make linnesota's geological past a study
worthy of student investigation.

However, study of changes taking place over billions of years is
made more difficult for students because of the tremendous lengths of
time involved. Several techniques can be used to help students dezal
with concepts of changes over long periods of time.: A time line (a
strip of paper with length units representing time units) give a
graphic representation of the relative lengths of time between events
in history. A stream table accelerates processes of erosion so that
students can observe the effects of water and ice on land.

ACTIVITY PLOCY A--VWHAT IS A STREAM TABLE?
VATH IDEA:

Stream tables car be used to study peolorical processes over
e,
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MATERIALS: .

For each group's stream table you will need: one cardboard hox
(approximately 1 ft. wide by 2 ft. long), large plastic garbage bag,
masking tape, glue, two 2 foot long rubber heses or tubing (such as
from a surgical supply or hardware store), two cans or buckets, sand,
and one 1 foot long 2" x 4" piece of wood.

PREPARATION SUGGESTIONS:

Stream tables have been used extensively in geolory and earth
science classes for years, but it is only relatively reccently that
stream tables have found their way into the elementary classroon (see
the ESS Unit on "Stream Tables"). Unfortunately, tcachers have been
hesitant to work with stream tables because of their large size and
potential for messiness. However,.a number of Minnesota geological
principles of interest can be illustrated by a smaller and simpler
apparatus described below. You might want to make up 2 stream table
ahead of time as a model. for the student groups.

FOCUS:
) Paraphrase: "There are lots of ways that the shape of the earth
changes. Earthquakes and volcanoes change the face of the earth
rapidly. However, there are slower ways that the earth changes.
Today we will make stream tables to look at the ways that water
changes the shape of the earth." .

Question: How does the water change the sand?
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ACTIVITY
STUDENT GROUP HANDOUT

MATERIALS:

To blild your stream table, your group will need the following:
one cardboard box (approximately 1 ft. wide by 2 ft. long), one large
plastic garbage bag, masking tape, glue, two rubber hoses or tubirg,
two cans or buckets, coarse sand, one 1 foot long 2" x 4" piece of
wood.

PROCEDURE

To build your group's stream table:
1. Cut the top off the box leaving 6" sides.
2. Ask your teacher to make a cut 3" from
the bottom around all sides, but just cut
through the outer surface. Do not cut all
the way through (see dotted line). Also cut
from that point upward at each of the four
corners.
3, Fold each of the sides inward along the
scored line to give a double outer wall.
4, Securely tape all sides and the bottom to \(///(
reinforce the box.
5, Apply a layer of glue (or rubber cement)
to the inside bottom of the box.
6. Line the box with a large plastic garbage
bag. Be sure to leave some of the bag »
overlapping on all three sides. Smooth the ‘
bottom to adhere to the glue.
7. Securely tape the bag to the box on all
sides. :
8, Arrange the sand in a gentle slope. Fill
the shallow end with about 1" of water and
allow the sand to soak up the water. Replace
nore water as needed.
9. Set up the buckets and hoses as shown in
the diagram. Start a steady flow of water
out of the resevoir bucket and start a steady
flow of water into the drain bucket by
creating a "siphon" effect: Put the hose
into the resevoir bucket, making sure that
the bottom of the hose touches the bottom of
the bucket. Suck on the free end of the hose
until the water begins to flow. Holding your
finger over the free end of the hose, lower
the hose until it is below the bottom of the
bucket and flowing into one end of the stream
table. A steady flow of water should result.
This flow of water can be controlled by use
of a clothespin clamped around the niddle of
tt.e tube.
10, Now form "mountains and valleys" in the
zand, and then turn the water on slowly.
Observe how the water changes the sand. 7’6
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A MODEL ECOSYSTEM

MODULE OVERVIEW: |

In this module,\students will set up an aquarium and will make
observations and infirences about the interactions among the non-living
faégors or, physical eénvironment and the living organisms or populations
in this model ecosystiem. Students will then determine the affects of
one non-living” factor (temperature) on a living organism (fish). This
activity will serve as a model for the students'design of their own
experiments to test other factors which might affect the balance of their '
aquarium ecosystem.

A

APPROXIMATE TIME: 6 to 7 class periods

KEY CONCEPTS OF THE MODULE:

A. The'physical environment of an ecosystem is made up of non-living
factors which" interact with each other. -

B. In an ecosystem, living organisms are in constant interaction

" with each other and .their phliysical environment.

. C. ™An ecosystem. depends upon the balanced interaction among the
non-living factors or physical environment (e.g., light, temperature, water,
soil) and ;iving factors (e.g., plants and animals.

-

INTRODUCTORY ACTIVITY B
You may want to start off this module with an aquarium that you have
already made. This would provide a model for the student aquariums as
well 3gs a good motivator for many open-ended questions which might lead
to student investigations during Activity Block C. Questions such as the
fallowing might be used: . ,
1. What do you observe in this aquarium?
2. What things do you observe in the aquarium that appear to be
living?
3. What things do you observe in the aquarium that appear to be
non—living” ,
4. Do you see any evidénce of a relationship between the living
., things and the non-living parts of the gquariumV

FOCUS:

Paraphrase: The world in which each plant or animal lives is called
its environment (or habitat). The environment contains qther plants or
animals and non-living things such as soil, temperature, moisture, light,
and wird.

We can find many different environments in the area around our homes
and school. We can also make different environments in our classroom such
as this aquarium. We can then use these water environments (or aquariums)
to do experiments that will answer questions about how these living and
non-living things interact with one another and what factors might affect
that interaction. .

Question: What can you find our about the liv1ng and non-living
things in the aquarium that you will make.

79 :




ACTIVITY BLOCK A--WHAT ARE THE NON-LIVING PARTS OF AN AQUARIUM?

MAIN IDEA:
The physital environment of an ecosystem is made up of non-living
actors Which interact with each other.

v

M?TERIALS: . .
Large, clear one gallon jar with a wide mouth and a 1lid, half a
pail of coarse sand, crushed gravel, small pebbles, or one bag (500 g) 1

of\aquarium gravel from a pet store, a dishpan, a sieve or strainer, a
shéet of white paper, and scissors.

PRERARATION SUGGESTIONS:

Allow at least one week of advance notice for students to bring in
one gallon $ars. Decide whether to have one aquarium per student group
or one for each student (which can later be taken home) . Hand out copies
of the student directions and help set up the hon-living portions of each
aquardium.

PROCEDURE: 5

Have student prepare aquariums using the student directions given
below. }Divide the class into group of three or four to collaborate on

the obsgrvations and follow-up discussion. Masters for student worksheets
are provided on the following two pages. '

1

\ . o

1
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STUDENT DIRECTIONS

’

L. Collect the following materials
for the non-living parts of your
aquarium: large, clear on 1lion
jar with a wide mouth ang¢" a lid,
half a pail of coarse's nd,

crushed gravel, a dishpan, a sieve
or strainer, a sheet of white
paper, and scissors.. -

2.. Wash the jar thoroﬁghly,
but do not use soap or detergent.

3. Put the sand or gravel in

the strainer and wash it three

or four times until -it has been
rinsed clean. Remove any twigs,
brnaches or leaves that you might
find.

4. Put enough of the washed
,sand or gravel into the jar so

that it is 5 cm deep in the

front and 7 cm deep in the back. .

5. Place a piece of paper, cut

or folded to fit the jar, over

the sand or gravel. Pour tap

water from a beaker ot other

container carefully on the . AN
paper and fill the jar to within )

"

5 cm of the top.

6. Remove the paper carefully,
su that the sand or gravel is
not disturbed.

7. Place the jar in a well-
lighted spot, but away from
direct sunlight. Let the jar stand
withont a cover overnight. This
gives the sand or gravel time to
settle and allows the chemical
gases the escape into the air.
The aquarium should not be moved
again.

8. You will be adding living
things to your aquarium in the
next activity.
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_Observe your aquarium closely, record your observations and answer
the following questions., . ‘

Al

1. What makes up 'the non-living part of. your aquarium? .
R S ce, . )
Many non-living ‘'things:can be found in an aquarium. Some of
- - thesd are easiér.to see thap others. Make'a chart like the
one shown below and list fall of the non-living .things that
you See or you think are in your' aquarium. If you can't see
something thatﬁydh are listing, -be sure to note that. ‘

. -
. “

, $ NON-LIVING THINGS IN OUR AQUARIUM - ’
1. Gravel , ’
2. Water .
: 3. Air (can't see) ¢ .
Q . P)
. 4. . ~ .
5. ‘
6. . L N\
7« . |
8. : : .
- v .
. 9. r : -
, 10../ : ! .
i > . §

-

2. How do the non-living parts of your aquarium interact with each
other? .
Construct a chart such as the one below and record your
findings. - >

4

-
. L]

L
] INTERACTLONS BETWEEN THE NON~LIVING® /
PARTS OF THE AQUARTUM * - | o / -»
®. _ |-One non-1iving | Another non~ | How do they .
part living part interact?
‘ R Alr dis-
1. Water . Alr solves in ’
. 7 ' water .
/ .
2. ) ‘ .
7) . \
3. ' )
& . ' ' .
4, : ’ - :
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FOLLOW~UP DISCUSSION:

Have the groups share their observations, charts, and answers.
Keep a list of all the student answers on charts copied on the chalk-
board or poster paper. Save these for the next two Activity Blocks.

ACTIVITY BLOCK B ~-- HOW DO LIVING ORGANISMS AFFECT YOUR AQUARIUM?

MAIN IDEA: : !
In an ecosystem, living organisms are in constant interaction with
each other and their physical environment.

MATERIALS (for each student group): .

Two common guppies (get one male and one female) or two minnows
(again, one male and one female), an aerator, three or four rooted
aquatic plants such as Elodea or eel grass, a handful or floating plants
such as duckweed, three or four good sized snails, and brine shrimp.

FOCUS:

Paraphrase: You have set up the non-living parts of .your aquarium
ard have made some observations about their interactions with each other.
Now you will add living organisms. Plants and animals that live in the
same environment are usually found in groups rather than as individuals.
All of the individuals in such a group are called a "population."

Question: How do these living organisms or populations interact with

each other and the non-living parts of your aquarium? .
PREPARATION SUGGESTIONS:

You need to decide whether to nave students obtain their own living
materials or whether you will ordar these orgainisms from a'biological
supply house or any pet store. If minnows are used, they may be bought
at a bait store, but aerators will be necaed for each aquarium. Maintain
the vriginal group or individual student arrangements and hand out copies
of the student directions for adding living organisms to their aquariums.
If students ask what the fish, snails, and daphnia will eat, you may tell
them that this question will be answered by their observations.
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STUDENT DIRECTIONS

1. Collect the following materials
for the living parts of your aquarium:
two guppies or minnows, three or four
rooted plants, a handful of floating
plants,: three or four snails, and
brine shrimp.

2. Place the rooted plants in holes .
made with your fingers. Put the

taller plants at the back and the

shorter plants at the sides. Leave

/the middle and front open, so that

you can see what is happening in

your aquarium,.

3. Place a baghwith the fish,
snails, and brine shrimp into the .
aquarium and let it float for an )
hour. The water in the bag should
then be the same temperature as

the aquarium water. Now you can

- *  iput the fish and snails, into your

’aquarium and 'remove the bag.
t(Remember, if you are using minnows,
» then you must have an aerator in
ycur aquarium).

. 4., Put the floating plants carefully
on the top of the water. Use only
as many plants as are needed to
i cover about half of the surface of
you aquarium.

5. When you have complete the steps
above, cover the top of your aquarium
with a screw-on 1id or a piece of
glass. Do not punch holes in the.




|
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Observe your aquarium closely, record the observations and answer
the following questions. . ‘ ’

1. Now that you have added living organisms, what can be found in

the water environment of your aquarium?

¢ 8
A. If you lived in your aquarium, how would you describe your
habitat? (Be very specific!)

B. Make a detailed diagram or drawing of your habitat.

¢. What makes up the living environment in the aquarium? Make a

chart like the one shown below and list all of the living things that

you find in your aquarium.

.o

GROUPS OF LIVING THINGS IN OUR AQUARIUM

Population size of

Name of Group
Group _

D.
data. What populations in your aquarium have increased or decreased?

might be a reason for the increase or decrease of population size?

’

Check the popt.lation size for two or three days and recordrthiso
What
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2

2. How do living organisms interact with each other and with the non-living
parts of your aquarium? Construct charts such as the two below to record
your findings. : R

INTERACTIONS BETWEEN THE -LIVING
PARTS OF THE AQUARIUM
Snails remove
1. Fish Suails fish waste i
2.
3. .
INTERACTIONS BETWEENlTHE LIVING e

AND NOW-LLVING PARTS.OF THE AQUARIUM

P . Swimming
1. Fish Water | Breathing
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FOLLOW-UP DISCUSSION: .
Have ¥the groups snare their observations, charts, diagrams,
and answers with each other. Add these charts to the ones already on
the chalkboard and list the student's answers.)
From the discussions of the charts on the interactions, you can
help them to come to an understanding of the meaning of ecosystem
~ (see Key Concepts A and B). Explain that this is a model ecosystem
rather than a natural one, and in order to continue without deaths,
it must be balanced (i.e., if they leave the cover on, the plants and
animals should have everything ‘that they need to survive.) When an
ecosystem is balanced, all parts are working well. A simple test to
find out if the aquarium is balanced is to remove the cap and smell
- - the water. If the water isn't pleasant smelling or if plants and
animals are dying, then the ecosystem is nat in balance.

Special reference to the eating relationships or food chain of
the living organisms in the student aquariums would be appropriats
here. Ask students to describe any evidence of feeding among the ‘
organisms. Put their answers on the chalkboard in a food chain
structure such as the following:

. Guppies or Minnows
Brine shrimp - Snails
Plants Fish waste or plants
Focusing on some of the students' observations and answers will lead

into Activity Block C, students experiments on factors that affect the
balance of their aquarium ecosystems. ' : -

o 5
O

ERIC °

Aruitoxt provided by Eic:
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ACTIVITY BLOCK C -- WHAT AFFECTS THE BALANCE OF AN AQUARIUM ECOSYSTEM?

MAIN IDEA:

An ecosystem depends upon the balanced interactions among the
non-living factnrs or physical environment (e.g., light, temperature,
water, soil) and the living organisms (e.g., plants and animals).

MATERIALS (for each student group):

Two aquariums, a thermometer, a straw, a small strainer or dipping
net, a soup ladle or measuring cup, jce cubes, a small glass container,
and other materials specified by the students for their self-designed
experiments.

FOCUS: °
Paraphrase: Each one of you has been observing and studying the
interactions of the populations of living organisms with each other and
with the non-living parts of a model ecosystem, your aquarium. These
interactions must be balanced cr the organisms will begin to die.
Question: What living or non-living factors might affect the balance
of your aquarium ecosystem? )

ACTIVITY 1

TEACHER INFORMATION:

Students will be counting the number of times a fish's mouth and
gill covers open and close to determine a change in breathing rate when
the temperature of the surrounding water sslowered. When not feeding,
the opening and closing of a fish's mouth is a swallowing of water
which is expelled through the gills, so the gill covers move as the
mouth closes. The dissolved oxygen is taken from the water and carbon
dioxide is released. The rate of movement of the mouth and gills is
directly related to the temperature of the water. The oxygen demand of
a fish is dependent upon the body temperature which is determined
largely by the surrounding water temperature. As the témperature is
lowered, the body reactions of the fish are reduced. Consequently, the
fich's oxygen requirement is also lowered; the volume of water passed
over the gill covers and the mouth is reduced. An observer watching
these movements should be able to detect these changes.

PROCEDURE:
Provide each student group with a set of materials aad copies of

the student divections given on the next page. Each group will be testing

how a change in water temperature affects the breathing rate of a fish.
The breathing rate is determined by counting the number of times the
mouth and fill covers open and close in a 15 second time period. The
breathing rate is first determifed at room temperature and then rechecked
after the water temperature has been lowered. Remind the students that
the ice cubes should be added gradually to allow the fish time to

adjust to the colder water. Also, remind students that the thermome ter
can break easily, so use them carefully.

-

LY
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STUDENT DIRECTIONS
1. You will need the following materials: one aquarium; a thermometer,

a dipping net or small sg er; ice cubes; a small glass container such
as a small peanut bu jar) beaker or bewl; a soup ladle or measuring
cup; and a straw. .

ea

N N\
2. Use the soup ladle or suring cup to take water from the aquarium
and put it into the small \container. Make sure there is encugh water

in the container for the £i o swim. Remove a fish from the aquarium
with the dipping net or strainer and place it in the small container of
water. . ‘ N .

3. Take the temperature of the water in the small container. Be .

sure chat the end of the thermometer is in the middle of the container

_and is not resting on the sides or the bottom. Record this room

temperature on the data sheet. (Thermometers can be easily broken, .

SO use care.)
&

4., Determine the breathing rate of one of the fish in the small container.

One way to do this is to count the times that the mouth and gill covers \\\
open or close in a 15 second period.. Two students are neeled to do :
this -- one to time and one to count. To get a good average number of

counts per 15 seconds, take eight counts, then add the counts together
and divide by eight. Make a shcart, such as the one below, to average the
breathing rate counts and to record your data. .

TEMPERATURE

A8°T | 45°F

SUM

AVERAGE ‘ : .
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5. Lower the temperature of the waten Very gradually or the fish could
be harmed! - Put one ice cube in the ontainer at a time, so the fish

can adjust to the colder water. S8tir the water slowly and carefully
with the straw to mix the colder water throughout the container. Check
_the temperature of the aquarium water with the thermometer after each

ice cube has melted and the water/has been stirred. When the temperature
reaches 44-45°F (7°C), immediatgély remove any unmelted ice cubes. .
//ﬁécfrd the temperature on the data sheet. . .

GLﬂJUse the same method as in/Step 3 to determine the breathing rate

for your chosen fish and recgrd it on the -data sheet.
7. Put the fish back in it/s original aquarium. .
8. Make some conclusiony ba~ed on your experiment.

9. The whol procedure, steps 1 through 8, can be repeated with the
other - fish in your aquarium, if you wish.




-
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FOLLOW-UP DISCUSSION:

Each group will present its experiment repost to the rest of the
class. Discuss what they learned about the interaction of opne ron-living
factor with a living organism from the experiment that they performed.

AC\T\IVITY 2

MATERIALS:
One aquarium, additional materials depending upon the students'
designs

FOCUS ¢ 'j
Paraphrase: * In Activity 1, you determined how one non-living factor,
temperature, affected a living organism, a fish, in your aquarium. You
will now be designing your own experiments to show what other living or
non-living factors affect the balance of your aquarium ecosystem.
Question: What living or non-living factors affec* the balance of

'your aquarium ecosystem?

PROCEDURE:
kach group is to design and carry-out at least one experiment

(no more than one experiment for every two aquariums) to see what
living and non-living factors might affect the valance of the aquarium
ecosystem. The experiment design or plan should be approved by the
teacher before eginning the experiments. Ideas for possible factors,
or variables to test are:

-—amount of light falling on the aquarium

~—different sources of light

--number of fish, plants, snails, or brine shrimp

--punching holes in the 1lid

--completely remov1ng one of the populations (e.g., fish plants, snails,

or brine shrimp) .
--adding an aerator, if not already used.

Remind students that they can change only one thing for each experiment
and everything else must be the same in the two aquariums. Students can
observe: fish respiriation rate {(count the number of times the fish open
and close their mouths in a designated period of time); movements of
organisms (how often, how fast); where organisms are found, plant bubbles
or plant colors, etc. )

FOLLOW-UP DISCUSSION:

Each group will preasent its experiment report to the rest of the class,
Discuss what they learned about water ecosystems from the experiments that
they performed and also what they learned about designing and conducting
experiments. } .

EXTENSION: *

I1llustrating short stories or poems about their aquasium (perhaps
from the snail or fish's point of view) would be good extensions to
the* aquarium activities.
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" A FIELD TRIP

A field trip to a lake or stream is a wonderful opportunity’ for
students to apply what they have learned in the lab to the 'real
world."\ Students gain a greater ajpreciation for their role in nature
by the study of nature in its natural setting. ,

However, effective field trips take a great deal of advance
planning if they are to be the best possible learning experiences.
This unit will provide you with the information necessary to have an
outstanding experience outdoors.

I. SOME BEGINNING QUESTIONS R

A. What do I hope to' accomplish?

There are a variety of reasons for going on a field trip--rot all
of which are good reasons. _Field trips are best used to relate
experiences in the lab or classroom to the "real world." Lab
experiments, while "fun" for students, are often viewed as being
separate from anything that goes on in the world. Field trips help to .
bridge this gap between the isolated experiments done in the lab and
the way that these concepts fit together to help us understand the
grand scheme of nature. * However, for the field trip to be worthwhile,
sufficient advance planning is needed. )

i~

B. Vhere shall we go? ‘

An understanding of what you hope'to accomplish will help yoy to
decide where to go and what to do. On the simplest level, a trip to a
local laka'or pond (and'Qhere are few places in the "Land of 10,000
Lakes?® without a nearby pond) will provide,a wealth of information and
experience. Though more expensive, a triquo one of the larger lakes .
allows students to experience the effects®of a larger aquatic '
ecosystem. . You will need to consider the amount of time available and
how much you can afford to spend. lature centers may have programs
available to help at a reasonable cost (or even sometimes at no cost).

. .
C. Uthat plans will I need t-. make? ) °

The following is a check list of advance planning that you may
need to-consider: _

Availability of facilities (if reservations are necessary)
Permission of school administrators and .coordination with
other teachers for release of students.

Transporgation

Parent leaders (probably at least 1 per 8 students for
maximum safety near water).

Parent permission slips (be sure to indicate where the-
students plan to go and any special clothing that they will

need) . .
Materials for working in the field (plans are given in the '
néxt section) .

Lab sheets, record books, etc.




D. What materials will I need?

Collecting jars (baby food), cord, metal lid, eye bolt,
washers, nuts, small bottle, nails, waterproof tape, cork, screw
. eye, 1" x 1" pine wood, w1ndow screen, wire loop (or band1ng
1ron), nylon stocklngs, rubber bands, wecoden dowel, heavy wire
(e.g., coat hanger w1re) thermometer, large n@lls, magnifying
glasses. Cg

“II, PREPARING STUDENTS FOR THE TRIP

There are many things that can be done ahead of time to plan

for a sueqessful field trip. Maps of the area are useful in
. orienfing students to the site (better yet would be slides that

you might have taken on a previous trip). Excellent maps are
available from: -

Branch of Distribution, Eastern Region

U.S. Geological Survey

1200 South Ends Street

Arlington, VA 22202
These maps can be used to plan out a study scheme. Student
groups can be made regponsible (as their group task) for
different parts of the lake area.
> You will also want to have students prepare some equipment
for usc in.their study. Plans for some of this equipment are
given below.

4

1. SECCHI DISK
A secchi disk is used for measuring the clarity of the
water. You will need a large (5-6" diameter) can lid, an
eye bolt, two washers, two nuts, and 20 feet of rope. Paint
the disk (using water proof paint) black and white as shown
in the diagram. Drill a hole thiough the center of the lid
and attach the bolt. Tie the rope to the eye bolt and make
a knot ipn the rope every foot. These knots will be used to
reasure the depth. To usc the secchi dlsk, stand on the
edre of & pier or lean over the edge of a boat. Drop the
disk into the water and slowly lower it until it just
disappears. Record this depth. Raise the disk until it
just appears and reqgord this depth. Talce an average of tre
two depths as the reading. This gives an indication of i:ow
far light can penetrate. Since plants need light' to live,
this depth is an indication of the productivity of the lake. .
In other words, if a lake is very cloudy then not as many
. blants can live in it.

Metal o Wood
Paisted Disx

*"""CammTeJ . /
Line or Chain
White

/s

PSR-\




2. VIATER SAMPLEF

Tie several nazils or weights to the outside of a small
bottle to make it heavy. Insert a screw cye intc a cork tle
proper size for the bottle. Tiz a cord arounc the neck of
the bottle and then leaving some slack, knot tie cord to the
eye (see diagram). _Knot the cord every foot. To use the
water sapler, gently lower the bottle into the water until
it reaches tlic desired depth (as measurec by the knots on
the cord). Pull the cord sharply to remove the cork. Vhen
the bulbles have stopped, pull the bottle td the surface and
pour some of the water into a small sample bottle.

e e /

3. GSORTINC SCREEN

A sorting screen is used for {ilterirg sand .and gravel
on the beach. Make a wooden frame wf 1" x 1".board 12" long
by 6" wide. Attach to the frame a piece of windoW screen
(the large mesh Size will work best). Pe sure to fold up 1
the edges to ret a secure fit. To use the screen, place a ' FR
sauple of sand into the screen and shale tle screen back and
forth to sift the sand. Thig works best with tug people. /

%, PLAUKTON KET i

Make o eircle ou{ of wire or banding iren. Attach a %
‘nylon stocking to the circle. Toward the end of the
stocking insert a v%all bottle and sccure the stocking to -
the mouth of the bottle with rubber bands. Tie strings to -
the opening of the stocking to use w5 a tow line. To use
the plankton net, drag the net through the water off the end
of o pier, behind a boat, or in.the shallow area. Collect
plankton in the bottle.

”oo‘) oF wire

" Rubber éme)‘z

v

\ -4

Smll Betile

Tavfhﬂﬁj '
e - . . . ‘94 - ) L

Nylon Stoexm-




v »
Full Tt Provided by ERIC.

'~ £, DIP IMIT .
A ¢ip net can be made in

in the enc of a wooden dowel
picce of wire,

similar manner. Drill a hole
and insert two ends of & heavy

Form the wire into a circle and attach a

prece of rylon stocking, Usg-this nct to scoop ‘up small

organisms by hand,
0

t

. f

6. 'THEPHOMITTER
i

,Attach a cord to-a thermometer.

toot.
leave it fer several minutes,
the temperature quickly.

To use drop the thermometer to the

inot the cord every
desired depth and

Draw it up rapidly and read

-

7. 1 COLLUCTING JARS
| paby food jars work well.

ﬂahfling.

-

TITL THE FIFLD TPIP

Bring along tage for

-

. '.){5

' : 1'.
Diviide the students into groups of three or tour (dependi,

An Lo uber ¢f #dult leaders).
for every.wwo groups af. least.

There should be 2 parent.-leader
Theot two groups uill vork near

each othor op trat tre one leader can supervise Loth jrougs

cirultancously.

~




ACTIVITY 1 .
Y o8 L.

Usmg four large nails and 4 yards of cord, stake out a

square plot of land on the shore, measuring 1 yard in lengtmgd
each of the sides. [ecord éver\ft;hlng that you observe within

! that plot of land. If you don't ¥now the name of someching,

describe it the best you car\ L T, '
. \\“u\“ - u\ \ < m . /' - :
[ ] \(rﬂw,‘\\ /// “. /‘\\\ “ E fll“ - . |
' v l ‘ ///[!{//, \\ M ! WI— -? . .
SRR /k(fl/uu e . -
1 . @ﬂ e, Wi .-.‘
. ‘ ¥

ACTI‘JITY 2

L]

Look at the faterial right on the eoge of the water. that
is it made of (pebbles, sand, mud, etc.)? What does this tell
you about the iiay 'that thq_flake was formed?: .

b

" ACTIVITY 7

Lock at the water‘ ‘Do you see any Riauts or enimals?
NDescribe what you oboewe .
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ACTTVITY 4

Collect a small amount of pond water in a jar. lsing &
magnifying glass, look closely at the water. t'hat do you see?

ACTIVITY 5

%] I3
‘. Tulze temperatures at various spots on the lake. If there is
a pier or z boat availeble, walk out on it and take measurerents
of temperztures at various depths. Docs the tenperature change?
Take temperatures at various points along the coast. Are there
i g HE 5?7 Vhat might lain this?
eny differences? Vhat might explain tnis:

ACTIVITY G y

Standing on a pier (or leanins frori a beat) drop the scechi
disk intc the uater until it just disappears fror sirht, Record
tre depth from tre number of knots. Pull the disk up until it
can just be seen, Record this depth., Find the nurber vhich is
halfway between these two numbers., Record that nurber as the

depth where the disk disappears from sight.

=
(-(.‘( L R
Q = 59 &
ERIC
o

L * )
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ACTIVITY 7

Standing on the pier or in a boat, collect a water seémple
from near the bottom of the lake using the water sampler. Seal
and label ‘the.jar with the data, location of the sample, and
names of the students in the group.

oy <assihldl!
— LA W)

» ACTIVITY 8

Drag the plankton net along the side of the pier, behind a
boat or just off the shore line. Seal and label the jar with the
date, locafion, and names of the students in the group. Also,
label the jar "plankton." g{

ACTIVITY 9

Using the dip net, sift a net full of water. Do you see
anything? Repeat several times and record observations.

ACTIVITY 10

Using the sirting screen, sift through some of the beach
material. Do you see anything? Collect the objects that are )
left behind in the screen. Hake a 1ist of observations about '
these gbjects.
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IY. BACK IM TEF CLASSROO!

Spend sore time: ciscussing with the students what trey
learned from the experience. Cowmpare observations from the .
various activities and different groups.

ACTIVITY 1

Place the vater samples collected in the sunlight. Check
them every day using a wagnifying glass. Do you see any
difference between water collected at the top of the lake and
water collected at the bottom of the lake.

ACTIVITY 2
i'ake diagrans showing thre various things that you see in the
water,
~ACTIVITY 3
Make a drauing of the lake showing your feclings about the

field trip.

ACTIVITY 4

N

Yrite # poen. or a short paragraph about your field trip
erperience,

|
LI LG ™ )
==IS /) P\E=

N
~¥)
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ACIDS AND ERIME SHRLI'P

VODULE OVERVIEW :

This module'focuses on the effects’of acids upon a small meirine
invertenrate. Students will observe the hatching and behavior.of
brine shrimp under normal conditions. The effects of acids on the
prevention of hatching is intended to deronstrate the damage thet eccid-
rain does to living orgauisms.

MPPROXINATE TIME: 1-Z veeks

ey COPCEPTS CF TIE HODULE:-
A. Proper conditions of salt concentration and tewperature ure
required for btrire shriwp to hatch.
B. Brine shrimp respond to light.
C. Acids will prevent the hatchng of brirc shrinp.

VATCRIALS ICEDED FOR THE HODULE:

Drine shrimp, shallow pans, non-iodized salt, cerdboard pieccs,
cyedroppers, mugnifying glass, light source, paint wmizing tray (or cgr
carton), plastic urap, vineger.

INTRODUCTORY ACTIVITY

TATERIALS:
Brine shrinp egns (available from a pet store) . ‘
\\
PROCEDURE: ¢

Place some brine shrimp eggs on a piece of paper. Ask the
students to observe some of them and to guess what they wight be.

ACTIVITY BLOCY A--UAT CONDITIONS ARE MNECESSARY FOR BRINE SURIIP TC
DRTCE '

ALY IDEA:
Proper conditions of salt concentration and temperzture are '/
required for brine shrimp to hatceh.

PATFRIALY:

Fach student group will need:

Prine shrimp, shallow pan, non-iodized salt, cardboard piece,
eyedropper, nagnifying glasses. -

FOCHS: ) S
parophrase: ‘e looked at something and you made puesses as to
vhat it right be. Let's see if we can find oul what it might be by
putting it in water (if ycu have time you miy vish to aslk thi students
t -ive you suggestions as to wvays of findinc out what the material is
ane thor test those supgestiong that arc fcasible). It may take
roveral days so ve will have to watch daily.

nuestion: uhat happens eventually to the substauce vhen we put
it into water? 100

""‘*’_M_éd




ACTIVITY 1

— TEACUE? PREPAPATION:
" Prire shrimp necd calt water in order to hatch. <A propcr
solution can be made by mixing 8 tcaspoons of non-iodized salt with 1
. quart vater. (You will probdbly need to make at least a pallon of
solution for a class of 30 students. If you have storage space and o
contginer, it is best to make this all at once.) Use distilled water,
or, tap uater that has set {or 24 hours to allow the chlorine to
escape. The temperature should ideally be betueen 70 and &0 degrées
Fahrenheit., If it ic tolder, the eggs take too long to hatch. If it
is hotter, the oxygen concentration begins to drop too low for the
brine shrimp to survive. ,
PROCEDURE : .

Divide the class intc groups of three or four. Provide cach
group with a shallow pan and some salt water. \

Cut a piece of cardboard ? inches lcnger than the width of the
pan and about an inch wider than the depth of Lhe pon. Slot both ends
of tle cardboard so that it will fit over the sidés of the pan leaving
about a 1/2" clearance at the bottom (see diagran).

P
.

Pour enough salt uater into the pan to fill it 1/2 inch. Sprinkle
about 1 teaspoon of the mystery material (brine shrimp cggs) into the
vater at cne end of the pan. Place the pan in a spot uhere it will be
vari: and undisturbed ¢but not in direct -sunlight).

After. 24 hours, observe the pan. (TEACHER HOTF: If %uall moving
objectz are seen--white to red in color--then the brine shrigy have
hatched. To separate the shrimp from their egg shells, have student
vroups place a piece of cardboard-over the end of the pan with the
s to cut off the lipght and placc the other end in the light. Soon
tiie shrimp will pove toward the light. They cen then be trancferred
te a clezn containver of salt water with an eyc dropper.)

Observe the myctery materizl with a magnifying rlass (or
nicroscope if available). Describe in words and draw a picture of
what you see.

FCLLOY-UP DISCUSSIO: : . .

Have stucent groups report their observations and share their .
Jravings. Pave then infir whether the original naterial uags living or
ron-livir:,, Vave thert explain vhat led them to thic conclusion. 'eove
toen £211 yoo vhat type of living material this right be (¢.gz., plant,
animal, fish, ete.) After they have guessed, tell then that they have
Just observaed the hatching of Prine Shrimp. Fave them label their
rictures "Prine Shrimp" and put then up on display.

10y
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ACTIVITY 2 :

Once your class has succeeded in hatching tke brine shrinp, you

may wish to have ther look at some of the fsctors controlling brine
chriop hatching., llave the students suggest somie cf the things that
could be tested which might affect brine shrimp hatching. They iwway
vish te consider:

a. temperature (to a limited extent, the higher the
temperature, the faster they hatch. However, above 8 [ the
aount of oxygen in the water drops belaw the level where
brine shrimp can survive.) . o

b. a.oupt of salt in the water.

c. crowding of jrine shrimp.

d. amount of light.

HOTE:  If you wuish to keep your brine shrimp Tor zn extenced
period of time, they should be fed a swall znotnt of dry baker's

- yeast every couple cf days. _Don't overfeed thew or thé yeast

will begir £o grou in the water and cause the vater ,to become
fouled, -

FOLLO-UP DISCUSZIOM
'ave student groups share the experimental reports and then
discuss their implications as a class. o

ACTIVITY HLOCK B--HOW DO PRINE SHRIMP REACT TO LIGHT?

UGALN IDEM:
frine shrimp respond to light by moving, toward the licht.

MATFRIALS:

Brine shrimp, light sourcc (e.s., flashlipght), shallow pan,
carcboard divider, salt solution, cardboard car¢ (to cover half
of the shallow pan)

FOCUS:

Paraphrase: In a previous activity we saw that the sand-lile
naterials vere really the eges of a small water creature. In
this activity we will lool at the way that this orpanisw responds
to light. ‘

Question: l!low do brine shrimp respond to light?

PROCEDURE: ‘ :

Ask student groups to design an experirent to answer the
guestion.. The procedure helow is one approach that they might
choose, ) ' .
Clean out a shallow hatching pan. Place the cardboard
divider across the pan, leaving 1/2" clearance at the
bottorz, Place~3/2"™ of salt solution into the pan. Pour &
container of brine shrimp (which have Leen separated from
thoir ece shells) into one en¢ of the pun. TImiediately
cover that end with a carcdboard card. Shine a light at the
otker end. After several minutes, cover the other enc with
the eardboard cord and shine the light ot the oppositc enc.
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FRTEISION:  Qther Variables Affecting Drine Shrimp Pehavior
— Askt the students, "Can you think of anything elsc that udllt
brine shrimp might ‘responc to?" Allow the student groups to test
their own ideas by designing experiments. They may aubgest such:
things as:
1. tenperature (put an ice cube in one end),
2. food (put some yeast in one -end),
: 3. .sound (strike a tuning fork at cne end).
Q:——hv—‘They should then write up an Expériment Repori as in Activity
Rlock A--Activity 2.
ACTIVITY BLOCK C-~HGW¥ DO ACIDS AFFECT BRIHE SHRIMP?

MAIN IDEA: 4
Acids will prevent the hatching of brine shriwp.
HATERIALS:
i Each group will rieed: thite plastic paint mixing tray or
egg carton, brine shrimp, salt solution, vinegar, eyedroppers, -
plastic wrap. '
FOCUS:

Paraphrase: In the last activity we saw that brine shrinp
responé to light. In this activity we will look at thé way that
acids affect the hatching of brine shrimp.

(Question: How do acids affect the hatchine of brine shripp?

* PROCEDURE:
R R Provide each student group with a set of waterial-.
"Instruct the students to fill each.container of a paint
mixing tray or emg carton with salt solution. They should mark
' the first container "no acid." Fach subsequent container should
be marked "1,2,3 . . . ete.! In the container marked "1," have:
< them place 1 drop of v1negar, in the contziner marked "2 na
drops and so forth until all are treated. A small amount of
brine shrimp eggs should be sprinkled over each container. Have
ther: lightly cover witl: plastic wrap to slow down eveaporation.
(MOTE: With such small volumes of liquid you will have to |
carefully monitor the evaporation. If containers do appear low
in volume, refill them with distilled water.) _
After 28 hours, ask students, "What do you observe?" Have
students count the number of hatched brine shrimp with a
magnifying glass. This-should be plotted on a graph.

Ask the students, "How does acid affect the ability of brine
shrimp to bhatch?" ) -
| 103
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Students may be interested in looking at the way in wiich
acids affect the behavior of adutt brane shrimp. Have them put 2
few crops of salt water on a glass plate Cor piece of waxed
paper).. Using an eyedropper, a brine shrimp siiould be on the
water. Have the students observe the motion for awhile. Asic the
students, "low rapidly §ces the brine shrimp move arounc the
drop?" ¢ . .
Have them carefulf§ place a drop of vinegar to oné 5ide of
the salt water drop so that it just touches. slsk the students
the following questions: R

mihat effect does this have on the brine shrimp%“\

_"Does the brine ‘shrimp move touard the vinegai or \away?"

Mot does this tell you about the effects of acid rain on

living things?" .
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THE ACID RAIN GAME

TEACHER EACKGROUMD - .. 3 Tt
Uhat has left over 200 lakes in the Adirondack Mountains cf New
Yorl barren of fish and threatens to do the saie—to-the lakes of the
Doundary Vaters Canoe area in the northern regions of Minnesota? What
is destroying the ancient temples of Greece? What Ras become the™-
second most serious enfaironmental problem in the United States and is T
al30 becoming a worldwide problem? Rain. The substance needed by all
plants and arimals in order to supvive has become, in a special form,
u potential.killer. Acid rain, if unchecked, has the potential to
destroy not only lifeforms, but also many of the monuments of. mankind
constructed throughout the ages. But, what is "acid rain"?
All nommal rainfall is slightly acidic. This acidity is the
result of Qhe‘ﬁpmbination.sf carbon dioxide in the air with the rain
to form carbonic acid, the same substance ‘found iy “socda pop. In
. modern societies, an imbalance between the normal acidic levels and an
_ overload is being created. Sulfur dioxide produced by Sug activities
as burning coal and aitrogen oxides from automobile exhaust i
inéreasing at such rapid rates that when they conbine with—the
moisture in the air, sulfuric acid and nitric acid are formed. These
acids are then returned to the earth during normal rainfall periods as .
acid rain. wgncreascd acidic concentrations in lakes can result in the
eventual extinction of all life within the lake.
' These sulfur dioxide and nitrogen oxide gases do not recognize
state or even national boundaries. SG1fur dioxide produced by & power
rlant in one arca may be carried thousands of miles to be dumped on
anotner area. ‘The problem df identifying a pollution source many
tlousands of miles away, compounded with international disagreements,
makes regulation very dif ficult. .
It is increasingly important, therefore, that people become aviare’
of acid rain and its effects. As present and futyre decisions about
the environment are considered, it is important that elementary age
students come to grips with the problem, It was for this, reason that
the Acid Rain Gane vas made.

N

Al

ACID RATH GAME; DESCRIPTION

c ]

The Acid Rain Game is a board garme designed to help students
explore the relationships among the production of power, the making of
a profit, and the death of fish from acid pollution. Students are

* given.apportunities to make 'important decisions about the production
of pouer and to’observe the results of decisions.

The game functions best as a. springboard activity to the study of
acid roin problems. As such, it serves to arousc student intere¥t in
the topic and focus attention on key issues. The game serves as the
first step in the study of acid rain to initiate some questions which
w1ll be ansuared later during the students' study.

* = /
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\
_FOLLOW-UP DISCUSSICH: x .
Since this game is designed as a upr‘lng'board ct1v1ty, it iy

. 1nportaﬁt to follow up the game with some additional activities &
: : looking at the problemg of acid rain. The following questions nay\be
A used to get the students thinking about some of these environmenta

. problems. .
1. Has either country really 'won"?
] 2. lhat happens when ong country doesn't have enough food to -
' feed its people or enough power tc run its indusiries?
3. If you heara that a U,S, power plant was polluting the lakes
s of another' country, do you think that the U, S, power plant should
stop polluting even if it meant that you would haVe less power or that

~

Y » it wowdd cost more? thy or why not? (llave the students list the
consequences of continued operation versus the consequences of
shutting down the plant ) Gt '
EhTEU%IOP'

You may wish to ‘extend the activities OUtSldu of the classroon by
having the students research the issue of acid rain and then prepare
.an information brochure de°cr1b1ng the problem of acid rain which th.ey
could share with other students in the school as well as with their
parents. . p

.

' FOR MORE I!FORMATION:

Information Hooklet on °

International Joint Commission

Great Lakes Regional Office R

0 Quellette Avenue " e
Windsor, Ontario {94 6T3 - .
(Also ask about their slide/tape show "Promises to Yeep')

* e

)

The Case fgainst the Rain

tinistry of Government Services
Central Purchaseing Service Branch
Parliament Buildings ,

Toronto, Cntario MNTA 118 .

flesearch Sumary: Acid/Rain .
EPA-£C0/0-79-028 v

United States Environnental Protection Agency

Ed 674
Wlashington, D. C. 20460

(The alove publications are provided free of charge.)

- .
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THE ACID RAIIN GAME

(Student Instructions)

“The ‘icid Rain Game.is for tvo players. One player
represents Forthland and the other player represents
Scuthland. (Sée Figure 1 for the diagram of the game .
board.) DBoth countries have several lales along their -
border, and both countries.have power plants along their °
border. The lakes'are imgortant because they provide fish,
a major part.of the diet for citizens of iorthland and
Southland. The power plants are important’ because they
provide the energy to run\the indusbries in the country.
The problew is that the péger plant uses ccal containing
sulfur. Vhen this coal is burred, it-turns into the
chenical sulfur dioxide. Sulfur dioxide combines with rain
to fona acid rain. Acid rair\can kill fish. .

Setting up the Game Board. Cut out the playing board
and spinners and glue them to a“heavy picce cf cardboard. .

_ Poke a hole in the center of each spinner and in the tip of

cach-of the factory smckestacks. Unbend U4 paper clips.to
.serve as spinners or smokestacks (see diagrari).

Unbend 2 papér clips to serve as pointers for the spinners
« (see diagram).

. -
Lt
-

\ * x

Make paper money in $5,000 and $10,000 denominations. Cut
out tie plumes,and punch a hole through one end of them.
. , , _— .

Starting the Game. Each player starts the game with
£100,000 distributed as follows: five $10,000 bills and ten
¢5,000 bidls. In addition, each player starts with 40 fish
(fish may either be cut cut of paper or some tolken may be
used to represent the fish). These 10 fish are to be_
distributed among the nine lakes in each country. To begin,
cach player spins the fish kill spinner to determine who
should go first. Hiph spin goes first.

= \
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Playing a Round. Each round represents one day. Cinee
the weather can change each day, the first task is to spin
the wind direction spinner. On each succeeding round, the
task of spinning for wind direction alternateg between
players. There are two possible outcomes: thy spin wmay be
ari east or a west spin, or the spin way be a north or a
south spin., . \\\

East-West Spins. If an East or a Yest direction is
indicated, then it means that each country's factory is
polluting its own lakes. Fach player decides how much power
will be produced and hemce how niuch pollution each power
plant is giving off. (You will nced to balance the fact
that using rore power results in earring more noney, uut
zlso in the possibility of losing more fish.) Players may
chicose to run their power plants at full power, at 607
power, or at 307 power, : ‘

-

Full Power. At this level, the power plant is
- operating,ats full power and also is putting out a {ull

aniount of y:6llution. This is' represented by the largest
olume. Sinde the power plant—is operating at full pduer, it
means that you arc earning nroney, from selling the power Lo
customers), sc¢ you collect $20,000 from the bank, Since this
produces the,greatest emount of pollution, the trade-cff is
that, you Liave to spin the [ish kill spinner three timcs and
total the sum of the three spins‘to deterrine the number cf

fish killed.
7)) "

s/ -
/

x

O

60 Powér, At this level, the power plant T just
putting out cnough poucP to “"break-even." Youweither fain
nor losc money. The mediun sized plume represents the
pollution from this amount cf power. The trade-off is that
you only have to spin the fish kill once to'determine the
total number of fish killeau. . .




' 309 Power. ° At this level, the power plant is not
* producing enough pover to meet the country's rceds, so yeu
have to buy power. This costs $20,000 and it is paid to the
bank. The short plume is used for this level of pouer,
Since a minimum of pollution is being produced, you don't
have to spin for fish kill at all, -

After cach player has decided on the power output and
 paid money (if at 30% power) or collected ioney (if at full
pcwer), the sppropriate plume is chosen and placed on the
pin through~the factory vith the tail in the direction

indicated by the wind. .

forth=South Spins. On a llorth or & South spin, there
is an additional problem. In this casc, pollution is going
across national boundaries. In other words, one country is
polluting the other. For exauple, ¢n a south wind spin,
Northland is polluting Southland. Refore deciding pouer, it
is necessary to hold an Internationsl Joint Cormission
hearing (between Northland and Southland). In this case,
the country being polluted can attempt to bargain with the
polluting country to use less power. For example, the
country being polluted wmay offer the polluting country
$30,000 to use only 30% power. If a deal is made, then the
polluting country places that plume on its siolcestacl:,
(NOTE: If the country agrees to 305 output, it must still
pay $20,000.) If no deal is made, then the polluting
country can decide any auount of pover. After the polluting
country spins, then the polluted country spins to detcruine
-how wiuch it-:ill pollute itself. Rewember, negotiations go
both ways and while today it is a south wind, tororrow it

. could be a north wind.

Fish ¥ill. After the directign of pollution has been
determined, each player spins the fish spinner to determine
how many fish w.:l die. For full power output, the spinner
is spun three times and the number of fish killed is the sun
of the three spins. For 607 power output, the spinner is
spun once and that number of fish removed from lakes covered
by the plume. For 30% power output, there are no fish “
killed, If.there aren't enough fish in the lakes, then fish
can be moved from a lake directly next to the one without
fish. If there aren't enouph fish available, then that
person is out of the pame. | R

Ending @ Round. At the end-of each round, players may
choose to move their fish around (but fish can only be moved
to lakes next to each other) or restock with wore fish (each ~
fishi Loken representing 1,000 fish costs £%,000) .

110
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Ending the Game. Play continues, alternating the wind
direction spin cach round until one player goes broke or one
_~player loses all of the fish. At this point the gaue ends.

%',
020,70 0%
{\w"".‘"f"I X%
., l,.Q.Q.:.'
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Starting the Game

Each Player starts with $100,000
' 5 - $10,000 bills

10 - § SﬂOOO bills
Each Playér starts with 40 fish

-

Restocking

Each fish (representing 1,000 fish)
costs $5,000
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Teacher Information Page . )
- B B.ILC.A. Casn Study ’

\\&Qp following materials allow students tc simulate the

decision=-making process involved in deternining, the types of use
for the Poundary Yaters Cancé Area in northeastern linnesota.
Studggts will portr v various special interest groups who will
present their view to a senate advisory comittee. That
comittee will be responsible for deciding howu the FUCA should be
used based on how convincing the special interest croups mzk
their presentation.:

The following list gives & plan for carrying out the
simulation.

TASK A: BACKGROUND ' Inc¢ividual Activity -

TASK B: . ANALYSIS ' . Int¢ividual or Small Group

nctivity ‘ e . 4
At this point you may wish to discuss the two . )

‘congressional bills: with the students to be
certain that they have a clear understanding of
the issues.

»

.TASI. €~PART I: STRATEGY SESSICH - Sirall Group Activity
TASK C-PART II: SEMATE ADVISORY 3mall Group Activity

COMMITTEE . .o

U . [OS—, © e e s ied—

Divide the class into & groups. Five of the \
groups will-be assigned to o special interest

group role. A sixth group should be assigned by
selecting one student from each of the 5 groups to -
serve or. the Senate Advisory Committee. s

PPESFUTATION OF GROUP PLANS . Large Group Activity *
» . . ® ‘
REPORT. FRON SEIIATE ADVISORY Large Group Activity ‘ ~
COM{ITTEE > . :

) ¥

Ln”PIFFI"P Individual and Large Group Activity

-
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POSSIBLE SCHEDULR OF ACTIVITIES

ks

PAYS (N5 Minutes -1 liour Each Day)

1 2 3 ] r
TASICE TASK TASK C-& PRESEHTATIN COMITTEE
ALFE C PREPARATION FOR RESULTS &

PRESERTATION DERRIEFENG

REUFMPED:  The teacher plays an important role in this simulation. The t“eacher
functions as an orchestra leader, constantly giving directions and
agvice, while allowing-the students to find their oun ways of |

. working throuph the issues. Be surc to follow up the activity with
the debriefing. A guide is found at the end cf these meterials.,

-

* INTERESTED STUDENTS: You may wish to invite interested students to @xplore

this topic¢ in more depth by looking at.the decisions thst uere nade
by the US Congress with regard to the 8lCA. In this régard, the
purton-Vento Compromise Bill of 1978 would be useful.

Also students may be interested in exploring some of the other
federul parks and wilderness areas.

Y
At the end of this activity, students should have a better under standing of the
" “a, physical, econémic, and social characteristics of the Doundary Vaters
Caroe Area and how these factors affect the way that the region 1is
used; . ‘
b. various points of view répresented by the Vilderness Act and the
Multiple Use fct;
c. process df preparing a prescntation in order to convince soreone of
their pesition; ) \
d. necessity for compromise in the legislative process in order to
acconmodate the majority of special interests.’
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PROS AMD CONS Oi! USE OF
SOUNDARY WATERS CANOE AREA

The use and nanzgement of Lhe Doundary
llaters Canoe Area has been a controéversial
issue for many yearz and will probably
continue to be so for years to come. This
issue of the neusletter conteins excearpts
from articles and reports abcut several
aspects of the controvery. The
newsletter, " in an effort to shou both
sides of these aspects, nizkes no attempt
to decide the issues or pass Jjudgment on
the statements made by the original
authors of the articles.

Uilliam Jokela, research assistant  and
graduate student, University of iinncsote,
Department of Scil Seience, spent hours
assembling the information.. ludh valuable
and pertinent. meterial ho@ fo be omitted
in the process of excerpting articles in
order to keep within the space limitations
of this neusletter. Readers arc advised
to consult the original articles for more
complete background information.

L)
This is the concludine issue of ilanaging
Hinnesota's Envircnnent as oo

. effort of the Agriculturel Fxtension
Service, University of lilnncsota, Hailing
costs and the need for cxtensien te shift

»

its educational resources to wreas not
being met by other efforts are the primary
reasons for éoncluding the series,

Copies or reprints of severpl previous
issues of the newsletter sre stdll
available  &nd  wmay be requested in
quantities wntii supplics are sxhinusted,’
Pleage send all correspeondence concerring
thi?  newsletter to  Clifton [lalsey,
Extension Conservationist-Soils, 16 Soil

Science ‘Puilding, 1529 Gortner fFve.,
University of I'innesnta,” St. Paul,
Minnesota 55108,  °

N
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© \HAT IS THE BOUHDARY. VATERS
CAUOE AREA? . -

The Boundary llaters Cance Area, located in
sortheastern lMinnadota, is the largest
. ¥ational Vilderness Area cast cf the Rocky
; Nountains--slightly cver 1 million ecres in
size. MAs a vast area of inter-connecting |
: vatervays, amidst virgin conifer forests, it
i< our only lakelond wilderncss and unique in
the Hational Vilderness System . . . it
< \ stretches for more than 100 miles along the
Minneséta-Ontario border and supports unique
northern £ish and wildlife populations . . .
Together with its sister area, the million
. ‘acre Quetico Provincizl Park in Ontario,
) o vhere all logting and nost riotorizad
recreationsl uses are zlready pronwibited,
tprese tuo arcas conprise one of the finest
wilderness regions on the continent. ' o
, ) ~Friends of the Poundary
liaters Yilderness .

H v a

s f
Peaceful as thit description sounds, the
f t “history of this wilderness area has been one
* of almost continuzl controversy.-. The area
. nas scen such diverse activities as canoeing
and carping, rotor woating, cross-country

\}
_ skiing, snoumebiling, wilderness resecarch, .
. »  and timber harvesting. . Such varied use of .
! , the BUCA stems (rom different purposes the
. area has served for tuc groups of users, as
desribed by Congressman Jeawmes Cberstar -
(Congressional Record, Aug. 5 1977): .

“uTg some the M'CA is treasured for its .
scientific educaticnal and primitive values,
- an oppertunity for the urban dweller to )
) escape to the solace and solituce of a remote
1and whero ohe can experience the adventure
of discovery, sec the primeval land as man
first saw it, travel through it as the fur
traders did three centuries ago-. . . To
others,  the leocal area residents who have no
. less an appreciation for these_yalues, it is © )
’ $ . cither their wost accessible recreational
area--and to most of them for only very
limited.day use--or the soeurce of thelr
livelihood, whether, canoe outfitting, resort
managing or tinber tarvesting., They never
considered the RVCA'a clagsic puré '
N ‘ tilderness; rather 2 combination of prinitiye

, . cand multiple use.”
* * r
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ot T T T T QUTLING HISTORY OF LEGISLATION R
ABD LAMD USE I T'E ™'CA
Miotted «fron Cutline !listory of the PCA. M. L. Ueinsclman and . . Johnson.

lua ,
il

Trisede of tl.c f‘ounmry Vaters Vilderness, Duluth aad St, Paul,

: 1300~ Lojeing of bir pinec in the future RICAR beg
1970~ ¢ ccrnt;.r'j ol A;:“lcu‘u re Jardine issuez prmlm“ atton stablishing
. 1000 scuare miles of wilderness arez in the Superior "ational Forest

(S*). logging is allowed but no additional rcads arce to be built.
1030~ Conrrocs passes Shi{mtead liodan Pill, which prohitits logging within .
400 feet of wateruay forbids huilding dams, and withdraws all public .
) land in the SUF f‘rom hora steading.
1720~ Forest Service acquires tax oelanLent land in wildernese..
1001 and builds raany portages and foot trails in th SEF,
1930~ Foreot_Service establishes Superior loadless:Prindtive irea (°RPA) vith -
- boundarics sinilar to present BUCA. ’
1981~ Pulpucod loggzing begins along southern perimeter of SRPA. "Fly-lns"
15988  gtart to be established in SRPA by rcsorts. )
1018~ Corgress passes Thye-Platnik Act. Act directs Secrctury of fgriculturc
tc aequire resorts, cabins, and private helding uithin 2/3 of future
rer, L. evtended in 1956 teo cover almost all of present PUCA.
1010~ Prcoident Trumn issues executive order Yorbidding flights below
. BOO feet over SIPA, - RN
1956~ Cdrest Service changes nawe of Superior Roadless Privitive Area to
Poutdary Vaters Cenoe Ar.a. |

1760~ Congress passes lultiple Use-Sustained -Tield Act which as t?b . .
;mlriple use concept in x1qtlonal forests and directs Secretar_/ of‘ .
foriculture e prenote logging up to level of susteined yield. .

106U~ Conpress posses Uilderness Act. Fremption, applying only to BUCA,
pr'ovidc: for continued timber harvesting anc motor beat use.

10674 Seeretary of Arriculture Freeran issues 13 directives on PUCA use
fros “alle Conmittee recommendations. Designates 190 routes for use by
-‘oter tcats and snoviobiled ant divides DUCA inte 600,000 acre

« intericr zone closed to logging and 800,000 acre portel zone open ‘ .
.. Lo Jdegping., ) s ’
12055 Copper-nickel prospecting increases cutside PUCA. N .

1068~ Internrtional Pickel Company (TilCO) develops cxploratery rine oOUth
cf Fi,. -

370- Peders) District Court (Juwlge ileville) prohibits mining in I (‘f;.

174~ Necision prohibiting mining is appealed .and reversed.

1070~ Tadersl District Court (Judge Lord)sbans logging of virpin tinber.
Concressnen Oberstar introduces-BUCA bill that would establish
100,000 acre l'lationgl Recreation Area.

1"7“ - Tt f‘1 strict Court of Appeals reverses Lord decision, thus pennittine -
v1.r"in timber lopging. Gongressman Fraser 1ntroduces Lill to give RUCA
full wvilderness ctatus. Secretary of Agriculture Tutz bans snovmobiling

————

. and sets sofme size restrictions on motorboat use.™ -
THP UTI PURIFSS ACT ‘ . ’
Pact. = of U2 Vilderreos Aet in 1964, particularly the paropraph cxempting the PUCA

{ra. corteln provisiors, h.: been a continuing source of contrdversy ac to what land
oo ahonld be allowed. ' \

o L . : R .
- E [C‘Thr fet wefin.. a mldernegs as an arca where "the earth and its comunity of

o 123 | -
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are urtrammeled by man, where man hinself is a visitor who does not remazin o . .
retaining its primeval character.. . . managed to preserve its natural conditicns . .
. where the imprint of mah's work¥is substantially unnoticeable." .

3

Put .the Act also provides that the  DUCA be managed "in accordance uitn generzal
purpose of naintaining, without unnecessary restrictions on other uses, includin”
that of timber, the primitive character of the area . . . Provided that nothing in
this Act shall preclude the continuance within tne area of any already establishid
usc of rotortoats." . ' .

The rain areas of debate regarding lend use in the PUCA hiave been mineral explorstion
and mining, logging and road building, and recreational use of motorboats cnd
snowmobiles. At present mineral exploration and wining are banned on stete lungs
within the PUCA znd no mining is being done. Logging is currently alloved ir the
portal zone, but companies with timber leases have agreed to temporarily refrain {rom
cutting in hopes of 2 legislative settlement. lMotorized canoes and boats are allawied
in desigsnated areas comprising approximately 60 percent; of the water surfece, but
snow.obiles ar2 banned in alriost the entire area. T
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PPOPASED PYCA LEGISLATION

iuch  of the current PCA controversy is focused on tuo Congressionzl bills, one
proposed by James Oberstar 3nd one by Donald Fraser. £t the time of this writing
(April 1973), the touse Jubcormittee on lational Parks and Insular Affzirs has just
cuipleted consideration of the two bills and has proposed a compromise, the
purton-Yento Bill, which will be considered next by tie House Interior Committee.

Since the original bills are representative of two basic points of view concerning
the MUCH, thosc two bills, as well as the compromise bill, will be outlined briefly.

OUFRSTAD RILL

1. Approximately 150,000 acres are added to the current RYCE.

2. The zrea is divided into two zones: the Coundary llaters Vildernes
(715,000 acres) and the llational Recreation Area (340,000 acres) .

2, Uithin the Wilderness Area, timber harvesting, motor boating, and
snovsiobkiling are prohibited.

Y. The {lational Recreation Prea is zoned to allos travel by motor boats
of limited horse power (10 hp on smaller lakes, 25 hp. on 17 bigger

. lakes) snoumobiling on designated routes and logging of second-growth

tinber,

r, Mincral exploration and,mining and logsing of virpin timber is prohibited
in both the Wilderrsss &nd Mationzl Recreation Area.

PACER TILL

rl"\. w4 L
1. Tac T''CH is renemed, the Doundary \laters ‘ilderness Area. ~
2. The following activities are prohibited in the entire Vilderness Area:

a. Commerical timber lLarvesting and aduinistrative cutting of timber
+o manipulate vegetction. )

t. Recreaticnul usec of motorized vatercraft and snowmobiles, except
for o 5-yecar phasc-out period in hardship cases.

c. llineral exploration and wmining. .
3. Approximately 35,000 acres are added to the DUCA. These are areas
that have been wanaged primarily as wilcderuess in the past.
%, Puwisions proposed later by Fraser would provide funds on extend
suthority for. the following features in order to deal with “concerns :
about the economic impsct of the legislation: |
2. In areas within the Superior Mational Forest but outside the BUCA:
complete 110 miles of unfinished snowniobile trails; upgrade lake
access and build cappsites in areas well-suited to motor recreation;
intensify forest management,

b. Duild more hiking trails inside the DHCA. _

c. Exanine available alterrative timber sales for the four timber

. cRpanies now holding cutting rights in the BUCA. _

. Allow resort cwners on peripheral lakes to voluntzrily sell their
holdings to the government.

2, Cousider extending to 10 or.15 years the notor phuse-out period for
certain periphieral lakes and keeping others permanently open to
wetors, Rmavacs

TUPTON-VEIMTe RILL ~
Provisions are essentially those 'of the Fraser I'ill, including the reconmended
additions, with the followiny changes:

1. A 227,000 acre laticnal Recreation Area is established outside the _
present DUCA to include the Echo Trail, Fernberg Road, and Gunflint Trail
read corridors. State and local governments. are to develop land use
regulations uithin a model zoning code provideq by the Secretary of

fgriculture. , 23;)
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2. lotorboats of 10 hp. or less are permitted permanently on 12 periphieral
2.
L

1i1derness lakes and for S years during restricted seasons on 2
Snowmobiling is permitted on 2 winter portages to allow access to
Canada. !

2 rore.
liining and minera

s ) / s k) s »
) 1 exploration are prohibited within the i
and ifational Recreation Areas.

\ .

'ilderness

.
y
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IOPORIZED RECREATIONAL VELTCLES
It THE BUCA: PRO AMD COI . , .

The following are excerpts from various sources that either support or oppose
te usc of motorized vehicles in the BUCE,

TPLIDS Iit VISITCR USE -

The trend is _toward . more canoe-paddling carceists, They represent a greater
preportion of total use, travel greater distances to get to the area, penetrate
deeper into the BUCA, and stay longer than other types of users., In the early
to mid 1960s visitors traveling by cance (paddle and noter) barely outnumbered’
rotorboats.  Today, alriost 70 percent of the visitors 7o by canon, Petizzen 1960
and 1977, the number of paddle cance groups increased 20 pereent while the
number of motor canoe , and motor boal groups increased only 15 percent. (From
Vher, the Wildérness Cets Crowded . . . ? David ', Lime, U. S. Forest Service,
lorth Central Forest Euperiment Station, St. Paul. lMaturalist, Yinter 1977.)

PADDLE CAHIOE vs. 1IOTOR CANOES AND ROATS: COIFLICT
OR COLPATIRILITY I THE MILDERNESS? |

Yotar canoes constitute only 10 percent of the total use but are a valuable
means of distributing canocists.. ‘Motors are u§cd almost entirely by fishernen
and  the figured show their main use 15 in the spring and {31l vhich dces not
conflict with the principel July-August paddle canoe use. : T

.

Mearl; all motortoat use is by non-campers on perimcter 1akes, Thesc are almost
eptirely fishermen and their familics who have accormodatiuns st resorts, motels
or hones outside the wilderress and use their boats tu travel a fev miles inside
the ™ICA for a day's angling, lecaving at night. Fron the ecolory standpoint,
this use is the rost compatible in wilderness preservition sincc these people do
not wwaop and have nc  impact other than travelling on the surfece of a few
peritcter lakes . . . Rather than dismember this unique wildornass, rotorized
troffic helps to prescrve its wild character Uy dispersinf the heavy traffic on
the wjor access routes, Hotors help speed canoeists to the seldom used, more
rerote areas of the region. Vise, limited roter use will pressarve and conserve
the °CAH by scattering the influy of visitors over a larger area. (From
“innesota's BUCA--lltiple Use.. or Single Use? Bouncdary laters Rcsource
Comeittee, Fly, iinnesota.) . s

FRETEE S I S N T

—————— -

Avothnar  inportant  influence on experiences is tie conflict rhat cxists betueen,
non-i-otorized and roterized parties. . Motors are permitted on 19 designated
routes in the FUCA, or on about 00 percent of the total water acreaie. As
previows ITCA rosearch uncovered, we found continued dissatisfaction on the part
af poadlers uith tecting notorized partics, The conflict is penerally one-sided
ota. appears to be uch rore severe than previous research has shovn. MNearly
(wlf  of the motorboaters said it wouldn't wmatter hou nany other perties they met
per cay.  Significantly fewer motor canceists (29 percent) aud paddle canoeists
(12 pereent) felt thut way. Paddle canoeists had the lowest threshold of
« naitivity toward encounters with motorized parties. For example 93 percent of
tie L addle canoe parties preferred not to wcet ooy motortoats per day; 83
cercent  of  them prelerred not Lo meet any motor cznoes; but, only 1C percent of
the paddling groups preferred to meet ro other peddle canoes, (Frow "hen the
“ilderness “Gets Crouded . . . 7 David V. Lime, U.S. Forest Service, PForth
rertral Forest Fyperinont Station, St. Paul, Maturalist, tHinter, 1077) ’
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Canoeists' attitudes indicate that motorboating is incompatibie with canoeing in
a wilderness, and without priority the opportunity to choose wilderness canceinr
would be reduced or lost. One motorboat seems to aqual at leact threc chnnce,
from the canocist's point of view, partly because boats destroy -their vilderness
and partly because wotorboats will "be observed by far nore groups thin 31ill
canoes, because they travel farther and pale more noise. Siwply dispersirg a)l
use to reduce local crewding without separating the two incompatible types viould
appear to be =z. mistake; instead of solving the problem it makes it more
widespread.. (From The . Recreational Capacity of the Quetico-Superior ares.
Pobert €. Lucas, Lake States Forest Experiment Stotion, St. Paul. U, S. Forest
Service Pescarch Paper LS-15, 19G4.)

3
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~For people who wish to use motorboats, there are dozens of large and beautiful
“UHakee open to motors irmediately outside the MMCA . . . Similarly, snouwmctiles
can lepully travel on national and state forests lands, on literally trhousands of
state lakes, in raury state parks, and on thousands of wiles of privete and statc
trzils. . In contrast, those who seek a priative canoe experience have no other
option--this kind of wilderness cance trip is not available anywhere elsc in tie
Urited 3tates. (From Statement before. Subcommittce on Nationzl Perlin cud
Insuler Affairs, Dorald Fraser, August 4, 1977.)

SMOWMODILES I THE FUCA: PRO AND COI . ‘ o
PRO ' ‘
1. A snoumobile ban keeps many lakes out of reach of day-use fisheruen.

~. Snoumobiles pack cross-couptry ski trails, making it easier for the
novice and modcrqpc;y-accomplished skier to enjoy the area,

3. Snownobiles are an iaportant asset in rescue operations for lost or
injured skiers. Co '

., Snowmobilers are major users of the area; it wmakes little sensec to shut
off this use when it conflicts with only a very stall number of non-"
n.echanized users. 7 .

5. Snowkobiles do not have a huraful effect on the physical environwent

‘ begause thiey run almost erclusively on lake surfaces and do hot usually

involve camping. \

x

6. A ban violates snowmobilers' basic rights.
cor . -
1. The PUCA lake trout fishery is already scriously over-fished and cannot
withistand any additional uinter pressure.
2. Snourcbiles do pacl: trails, but their surfaces often interfere with ski
travel. 'lilderness travellers prefcr to break their own trails znd fiud
snowitobile encounters un: :ceptable.
3. Tae use of snowzobiles for rescue work would not be pranibited by new
legislatdion.
4, There is significant non-uechanized winter use and this use is grouing.
5, Theevidence on the effect of snownobiles on the environment is
inconclusive; they do interferc uith the nesting, of caglas in late
February wnd Narch. . ' ‘ . .
6. There are more than 6,000 miles of snownrobile trails outside the BA'CA )
in Hinnesota, while the D¥CL is thedonly cignificant winter wilderness
in the Hidwest. ~ ’ ,
(“rom RUCA Vinter Recreation [Fact Sheet. Friends of the BUCA, Duluth anc St.
fal, Hinnesota. A roview of selected rescarch on the ecological impact of
owrobiles is presented in the {lovember 1075 issue of Maraging Minnesote's
Envircnment, Huber £.) \
128
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RCOONIC IMPACT OF PROUIPITING MOTOR VENICLES IN THE PUCL

ferrovicately 50 resorts are located near the periphery of the BUCA,  fbout 18
of thesc would be seriously affected by ry bill; they are located on key
rctorboat rcutes leading into the DUCA and cater heavily te fishermen using
wotore, Located on Saganaga, Sea Gull, Clearvater, East Rearskin, Prule,
Tnowbank, Lake One, Fall, and loose Lake ond the Range River, thesc resorts
could not send their motor clientele to alternative fishing spots were their
lakes closed to motors. Ve fhope they would be able to attract a different
clicrtele, one more interested in wilderness-type experiences. Adcitionally, a
few righit be able to change over to canoe outfitting (soric already base part of
tleir business in outfitting), but outfitting is extremely competitive and 2
shift would, for most, reqguirc very difficult psychological and investment
adaptations. ’ :

L4 »

The field hearings underscored the need to make some provision for the most
sariously affected resoris, tle . cannot and should not expect the local
pusinecsman to bea¥ the full economic responsibility for whatever actions
Congress rnight take., Ve pust be sure that the resort ownerc are treated fairly,
(Ed. note: See proposed additions to Fraser Bill, page U4.)

It, should be remerbered that only a very‘few resorts have the potential for
Leing seriously affected. The uzjority of recort cwners in the area fall either
into a lou impact category (approximately 1% reserts have avzilable to them
eztensive fishing areas or  water recreation zreas outside the PUCA or are hot
physically located on lakes that would be closed to motors) or into a medium
izpact cztegory (eppreximately 13 resorts base n significant portion of their
husiness on PUCA fiéhing, but could send their clientele to large alternative
areas of rood fishing uaters outside the BUCA and tributary to the resort
L:hes). In addition there are approximately 25 firms in the irmediate vicinity
of the ™VCA that are engaged primarily in canoe outfitting; they would be likely
tu banefit directly from our bill. (From Congressional Record. Donald Fruser,
fugust 4, 1977.)

DL B R RS B

.« « . JToday, 1if the Fraser Bill passes, approximately 30 more Resorts/Canoce
cutfitters and RBUCA businesscs would be bankrupted. In a survey of only eight
cf those that would be directly affected, a total of 85 jobs would be
discontinued . . . annuel incomes totalling 618,000 would be lost. This does’
it include an annual payroll of £700,000 pzid by just one local logger whose
future is doomed withoul Portal Zone harvesting. FEven if adequate compcnsatien
were nade to those businesses most affected, the loss in tourist numbers
alene-~the thousands lesiring nwlti-activity vacaticns--would put many of the
local tourist-dependent rerchants and serivees out of business . . . (From
Minnecota's DUCA~-lultiple Use . .. . or Single Use? Boundary \laters Resource
romiittee, Ely, llinnesota.)
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FOREST MANAGEMENT IN THE BHCA

FOREST ECOLOGY AVD TIMBER MANAGENENT ,
The great variety in types and ages of vegetational cormunities in the Toundary
Vaters is due to varying combinations of topography, soils, noisture conditions,
microclimate and other ecological factors. — But the great variable that
traditionilly has shaped the area has beén fire.

° > ot
In tle natural history of this area, lightning fires werc 2 comon occurrence.
“hen -fuels were sufficiently dry and winds favorable, a fire would suecp large
sections of forest until it burned out against a natural fire break or urtil the
weather changéd. In the areas of the great red anc vhite pines, the fires would
generally only remove the understory, without killing the wuature ftress
thems:lves, thus enriching the soil and preparing the way for youns trees,
Other spocics, such as jack pine, are genetically prepared for the cataclysn of
fire, &nd are well adapted for regeneration. It is estimated that in the past
an tverage of wzbout one pcreent of the Boundary llaters Canoe Area burncd cach '
yoar, althoush with wide variability, leading to a complete replacement cycle of '
about 100 years. In this way, a constantly dynamic diversity was maintzined
throuzhout the area. ) ‘
Suppression of fire chenged all that. In the absence of the normal fire cycle,
shade-tolerait species, which normally uere only transient within an arec,
hecaue enirenched and forced out the normal species. tlow, pine, aspcn, and
birch ars being choked out by balsan fir, spruce, anc northern white ccdar,
Diversity is being lost, with consequences unot only for the tree spccies
themsclves, but elso for the intricate comunities of rlants and animals that
depend on varying nizes of trees. . -

. This situation 1is serious, and thé Forest Service basically has three options.
First, it can simply lat present trends continue, a policy that will result in
severe forest degradation along the lines described above.

Second, it can substitute artificial managenent technigues for fire's natural
rcle, which is what the Forest Service intends to do throughout the Interior
Zone withy the edministrative cutting proposed in the 1973 management plan. The
farest” would be manipulated so as. to clear out mundesirable" species and
replicatc, to the extent ‘possible, natural conditions. The trouble with this
apprcach, of course, is that it will fail. Logging and fire are two different
rhenomens, and resemble cech other only to the extent that live trees are
rilled, Logging would tend to deplete nutrients rather than build thew up,
uould have different and generally deleterious effects on native wildlife, ‘would
. cause arosion and degradation of water quality, would ruin the area for
viprificant ecological research, and would generally compounc. rather than cure
the usynthictic man-made situation caused by fire suppression. It would also
violate he very concept cf wilderness by introducing ney massive artificial
ryinipulations and intrusions of disruptive activities.
i
The third alternative is to reintroduce fire, the natural means of maintaining
forest ecosystems. The RUCA, with its vast network of interconnecting lalies,
strears, aod wetlands, 1is ideally suited for a program of prescribed burning.
Ihen weather is .favorable, a fire can be set to burn up against a natural fire
breal’ und the burn can then serve as a fire break for further fires upwind,
Mtheugh such a  program tust be experimental in the early years, to guard
agaiast threats to public safety and outside property, preliminary work done in
 wertern wildernes areas indicates that no insurmountable problems are likely to
Q0 arisec, ‘
ERIC :
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Through  the prompt adoption of a wisc fire rolicy, the ceolopienlly darazine
s owent mistakes  of the past can be rectified in the relatively near future,
(Fre, Cutting Up in The Doundary ‘Yaters. . E. Wright, Jr., University of
i‘innesotz Departments of Geology and Ecology, and Jonathan Ela, Cierra Club
Pulletin, ‘fay, 1974.)

% XX % 4% %N KB

An obvious conclusion is that the ecological succession of the forest of
northeastern linnesota is disturbance-oriented. -thether the disturbances are
created by rnan, . accidentally or in managerent, or whether they are natural,
caused by fire, wind, insccts, and disease, a hypothetical climax forest would
rarely te achieved. llevertheless, in uilderness or natural areas, the ideal
manzerent is seemingly to let nature take its course. If the reproductive
capacity cof the species were not influenced by the iripact of civilization,
nature could be effective. Permitting wildfires to burn or using prescribed
fire in standing timber in rortheastern linnesota can aid in the perpetuation of
the aupen-spruce-Tir complex or the restoration of jack pine and black spruce.

Yodern  influences on succession, even in remote arcds, tend to eliminate rather
than perpetuate the longer lived red pine and vhite pine followihg natural
Jisturbances. These .species cannot be restorcd by natural reans to the position
they represented in the forests of the past . . . A choige nust be made between

(1 establishing, through mnan's efforts, forests resembling the primeval stznd

or (2) by . natural means, pcrwitting the development of a forest in which other
species predominate. It is possible to opt for each of these choices in
different . parts of the area, (From Regeneration of Red Pine and V'hite Fine
Follouing ''ildfire and Logging in Hortheastern Minnesota. Clifford E. Ahlgren,
\'ilderness Researc' Foundation, Duluth, MN. J. of Forestry. ifarch, 1976.)

|
! ~
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Those vho promote fire as the only manageuent tool for use in vildernese and
GLoer  recreation areas nced to be concerned regarding the possible erestion of
' -locausl fires that could cause loss of property and lives., Late summer or
curly  autwn fires tay be ossential to accomplish desirable objectives. This is
the pariod when practically &ll of the hclocaustic fires of the Lake States have
Jevsloped, This is the period of heavy canoeist usc of the ftiCA, Vill they
~clerate, understand and approve of such fire use and possible destruction? llow

"ruch  atuespheric pollution will be involved in such burning of the annuel rrewth

of tie pillion acre RUCA or the 36 million acres of defeoctc wilderness areas of
usetern hationel forest? The production of such gr aquantities of carbon
dipride. and particulate natter that always .accompanies fgigst burning operstions
vy oot be tolerahble in the future. Yho can say that 10 years hence theré »ill
net. bc drastic restrictions on, or complete climination cf, fire as-a forest
v oparenent tool, even for use with timber harvest. . s

*
s

T conbrest to the use of fire, logging or timber harvest can be conducted in an
sipest infinite variety of weys and with a broad range of equinment. '

Tier horvest is a process that can be and must be applied to recrecation lards
26 vell as to compercial forest lands. Hithout this mpriagement tool, the
r rorers of forested parls, vilderness and other recreaticnal ardas have but one
tool in their Lit: prescribed fire---with all of its recognized limitations and
associated hazards--darger of developing to catecstrophic propertions,
atuospheric  pollution, ete. (Frorm Tinber Harvest: Reneuer or Restreyer, Frank
Kzufert, Deun [Emeritus, College of Forestry, University of !linnesota. Tigber
Procucers "ulletin, Dec.-Jan., 1973.) .
. . 1
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The U. S. Forest Service, as an aid to planning, in 1972 placed the soils of the
PHCL into categorics based on productivity and sensitivity to disturbance.
Tnese two attributes could then bte combined into a compositc land capability
index, defined as "an area's ability to support life (biolcgical productivity)
and its ability to sustain, or heal itself from, externally-inposed
disturbarices.! ' . @

In the productivity rating, which attempted to evaluate such properties’ as
fertility, water-holding capacity, and depth to an impervious layecr. about Q0
percent of the soils of the BWCA fell in the low productivity class while the
remeining 10 percent fell in the moderate class. In the disturtonce rating,
which considers erodibility, stability, and compactibility, 90 percent of the
" seils were Jjudged to have a high sensitivity to disturbance, 7 percent a
“moderately high sensitivity, ancd only 3 percent a moderate sensitivity te
isturbance. :

The composite land capability index, described above, therefore placed 90
percent of the soils of the BUCA in the low productivity class and the other 10
percent in the moderate capability class.

Pased on this information, I believe that the soils of the BUCA are not well
suited for sustained timber production in comparison to other soils in northern -
Mirnesota. Wise land use suggests that intcnsive timber management activitiés
should be limited to those better suited areas, while the DUCA should best be
used for other purposes. (From Statement at hearings before the tlouse
Subcommittee on Hational Parks and Insular Affairs. D. F. Griegal, Departments
of Soil* Science and Forest Resources, University of linnesota, July 3, 1911,
Ely, t7%) ’

*

ECONOMIC IMPACT OF PROHIBITING -TIMBER HARVEST .
How is the wood use industry affecteéd by the BUCA controversy? The Portal Zone
of the PCA has beer 2 significant source of softwood tinber (primarily jaclpine
cud  spruce pulpwood) since the early 19UQ's, Fron & percent to 12 percent c¢f
the annual requiremvnts of industry of\these spccies came from the BUCA. Tiwber
cut in the BUCA was primarily oversgature, old-growth, and decadent stznds.
And, if not cut within the next 25 years™or so, much of that whigh remains will
be lost through insects, disease, and Kire. Current U.S, Forgst Service
estinates for this annual loss total 10, Qb cords for softwoods alone. At &
tirle when using resources wisely is tiuch on pe ple's rinds, this waste would be
repugnant to everyone. Q\\ )

Rut, why can't industry pet roplacemént weod for the BUCA timbef outside the
RCA? - . '

The answer is that theére is no extra annual allowable ch\available outside the
BUCA. . ce N

\

" Federal, state and ccunty timber in the 1E~northcastefh\yinnesota count.ies
. furnish tue bulkk of industry's wood needs. Thesé agencies are cytting their
full annual allowable cut of softwoods at this tine.

And, predietions of  uood requirenents  and availability by the féqr ooNt shew
that wue noed all tie  comaercial forestlund base e now have, (Fra& Foreotry
Requires Tirsv ef All, Tress.’ i, J. Latimer, Rlandin Paper Companiy Timber
Proc icers fulletin, Oct.-iov., 1077.)
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If lorping, of the entire Portal Zone were permitted, the Forest Service
c:timates the annfial allowable cut of .softwoods at 45,000 corco or £ percent of
!innecota's softwood cut., DRut the last statewide fore survey hOWo a 274, 000
cord  annual  surplus of balsan ou*51de the BUCA, plus snaller surpluses of pine
arg  sprucc, Huge areas of aspen, birch, ahd other hardwoods are also
under-harvested, and the annual surplus of these species outside the BVWCA is
more than a million cords--half the present statewide timber cut.

These tirber surpluses mean that small chan res in the species mix at the paper
rdlls could easily cover any shortages of pine or spruce.

Py arguing for DVCA softwoods, the timber companies are really making a case for
.cutting the last virgin forests in the Portal Zone, because nost good pine and
cpruce forests in the BUCA are in areas that have never been 1ogffed. But these
v1rg1n zreas are protected by both iné Oberstar and Fraser bills so the real
olscu551on in Congress centers on the previously-logged areas within Rep.
Oberstar's proposed MNational Recreation Area. luch of that area has been logged
sincé %orld War II and will not contain merchantable timber for another 20 to 50
years. - The mature softwoods within the proposed lIRA are mostly mixed with aspen
and birch. .and Hinnesota has millions of acres of similar forests outside the
R»Ct, The allowable annual cut of softwoods from the proposed NRA is only
21,000 cords, a mere one percent of Minnesota's statewide cut.

The best way to provide for any needed extra softuoodu in the next 10 to 20
years is by accelerating good forestry on better lands Qutside the BVICA and
closer to the pulpmills, Minnesota has 16 million acres of productive forest
lard outside the PRYCA and other reserves, Vith good forestry, we can grow all
our tivkber needs on half that area, (From 1emo on the RUCA Logging Issue. N.
L. [Peinsclman, retired from the U.S. Forést Service. Friends of the Boundary
V'aters ‘lildernéss, Jan., 1978.) ‘

y +
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COPPER-NICKEL MINING IN MINNESOTA
by William Jokela, University of liinnesota

Although there has been no nining withid®
the BWCA and there is no imnediate threat
to do so, exploratory work has been and is’

currently being conducted in’ the irmediate

area of the Boundary Waters. It is
condern about those operations and the
potential for . {ull-scale nining

development that makes copper-nickel
mining a gg{rent issue,

LOCATION AND EXTENT OF s

COPPER-NICKEL DEPOSITS ‘

LExploration for copper and nickel in
northeastern Hinnesota has centered on the
rocks of the Duluth.Gabbro Complex, 3
large body - of basic igneous rccks.
Deposits of possible commercial value are
associated .with certain phases of the
gabbro which are concentrated as small
bodies along the northern and western’ edge
of the Gabbro Complex (see map)., lost of
the area favorable for prospecting
(probably about 80 percent is outside the
BUCA). . Exploration has indicated that
even along this favorable basal contact
.area only about & percent has possible
conmercial potential. i

Content of copper and nickel in the
mineable rock of the Gabbro Complex is
.quite low, about .5-.8 percent. But the
6.5 billion tons of mineralized ro~%
(Minnesota Geological Survey estinate)
contain an estimated 94 percent of the -
identified resources of nickel in the U.S.
and -10 to 140 percent of the identified
resources of coppet'.

PAST AND CURRENT MINING ACTIVITY

c. . Copper and nickel-bearing rock was
discovered in 1948 during construction of
a logging road near the South Kawishiwi

Marais

\] ,
\\\ BWCA River southeast of Ely. Exploration "has
taken place, though somewhat sporadically,
[::‘ since that time. Since the state's

Superior Forest long~term leasing arrangements uere

. estoblished in 1966, several componies

. have signed mining leases for axtensive

Duluth Gabbro acreages  of state and federal lands
outside tha,BHQ%, a

134
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In 1969 George St. Clair, a private prospcotor, attempted to drill on land
trithin  the BUCA to which he owned mineral rights, e was stopped by tho Forest
Service and in 1973 a permanent injunction was ssued vrohibitirg tining in the
TLICA, llowever, the ~decision was appealed and reversed and gave the Forest
Service the authority to grant or refuse permits for mining operations., In
(i, Minnesota legislation banned mining on state lands within the BYCA,

Rec ﬁé( :1n1ng exploration has cgntered on 2 areas locltec Just outside the BUCA.
Int;KSdtlonal Nickel Company (INCO) has done extensive cxplora¥ion and bull:
1

omplin; at. a site southeast of Ely and submitted a proposal for an open pit

min: Kext to the South Kawishiwi River about 2 mile from *thfWCA The mining .

_operatiyn, including the open pit mine, uastepock pile, Yean ore pile, and
Lallln;g\\baoln would -<cover about 5,000 acres. @ Forest Service encounberad
problems ‘with the -company in developing an Envircnmental Impzct Study and in
197% INCO\ withdrew its request for the proposed mine, reportedly to await a

clarified sbate mining policy and a more favorable nctals dhrket.

ab ut 20 wmilés soutl. of the PNCA. AHAX Conpany is currgn“l\ uinV1n“ a 1i-foot
weter  shaft 1700 feet deep to determine the coxtent and qualily of
miheralization. - Any eventual mining at the site would be done by urnderground
gthods. AMAY bhas been conducting extensive ucter quality and other
vironmental monitoring in cooperation with governmental agencies.

! ning of the copper—niekel sulfite ore in northeastert linncsota requires a
ricc of opecrations--exploratory drilling, excavation, and construction of
Jining facilities, stockpiling of waste and lean ore, construction of a water
servolr, and dcveral proceoses to concentrate the low grade rock.

contariination of water used in procedsing, escape of water fror tailings

dispesal sites, and contaninated runoff or seepage fror uaste roclt dunips dr lean
ore ,iles. The volume of water removed from the surface of ground waters of the
waterched would depend on the number and size of operations and the technology
UsLa, Tut withdrawal of significant volumes of -water could potentially affect
vater levels and concentration of pollutants.

ntential sources of polluted waters from @ minirs operation iniéudu

Tigpunal  of sggid wastes roses a probleqh In underground ..ining a large portion
¢f  tle vaste ‘can be redegosited underground, but in open pit mining 21l tailings
st te ceposited on the surface inJaagitlon to overburden, wastcrcck, and lean
cre.  Dust from bldsting, crushing, and hauling opcratlon“ and fror unstabilized
teilings sites can cause air pollution.

If -opper-niclel mining i's undertaken near the BUICA, & smolting plant may or may
ret be lLwilt in the immediate vicinity. Such plans have becn propesed in the
T AR "herever a  smelter  is  located, it poscs the follewing problems:
¢ fzzior of culphur dioxidé‘gas, causing ihjury or death to intelerant specles
cueh wt vhite pine and lickiens, acidificatlon of rain with jubsequent danage to
ceusy stens  dounwind, gl heavy metal contamination of downwind  soils and
devnstrea.. waters. In receft years advances have been made in anti-pollution
technology of smelters so it is difficult to predict tiie lavel_sg‘pollution to
Lo erpected from thése sources. .

a

* Reglonnl ‘Copper-llickel <Study, initiated and organized Ly the linnesota

Tnvironrental fuality Dewrd, 1S currently bLeing cohductud in northeastern’

Ninnezota, The objectives of the study are to characterize the region as it

Iy
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presently cxists, in the absence of mlrlvc“ developrent, o te wesees the
potential iupact, ewironawntal, social, and cconorlc, of vorious lavols of .
copper-nicl:al  cevelopznt. Resulis of the study «re to be us el by thae
le”islatur? and other  ctete agencies Lo devnlo~ ¢ corprehensive policy for
mining de veloprct* iv. thr orea. Copnplcetion of Uhie study io wipicte 5 iy oeorly

1975, ' ' . .
- #
”FFFP°”C S =COPPLR-ICKEL NINIVG ) . . >
Anderson, L. C. The Coppar-lickel Coatrovercsy. linnesets Yolunteer, :
Vov.-Dnc. 1075, 1y . H?—EK. .
Chcsney, S., A.-lalasti, end J. Hencon, Coppur-llchel vininr and Dlinestui o
vilderress., MPIRG (Uinnesote Putlic Interest lesearch cxouo)
Yimneagolis, 0.
i Latrann, E. Y. Copper<i'ictiel Uining in Uinnescta---A Casc Study 1ﬂ hhb et fer
cesponsible Environmgntal Decisicntidiing. ilaorness Yaws. Uintor
R L ” _ . - ‘
. ilderness Troasure. Pocuralist.  Swamer/Autusen 1071 (sptire issue). o
Copner-iticizel in innesota. aburalist. dptuen O Ufnter 1075 (zntirs issve). .
In 1975 Instifute on tle Tuanazry Vaters Canoc fvhc.- The QL"tlLO—ud§Ch1‘“
Foundztion: ' i g
“aleolr, J. .. The NINNANAX aaglordtion Project. ’ : v
Pedson, D, 1l Copper-t'ickel Mifing in tie Scuth [wwishivi Dryl.age~~
. Vould It Dama;e the IUCA? i .
Va nuurnrilﬂn E. "ictien Plan" Supcrior ilatiunel Forect [rvirene pntal
ctement wite Tesget G4 She THCC Uinim Prgpgsal. E
. . ,
RIDLIOGRLPEY 4 %
The ZInvironmentzl Cosservetion Librery (ECCL) in Mianspolis hag ¢ large
collection of = books, studies, reczarchi “reports, cavirenmantpl' depact
aesussments, parrnlﬁva, Fedoral court decigions, and periodieals rilo Lr.mh to the
FLourvary ”“thra Carce Arza. The list is Loo long te include in this nq\u;c»hc
Parsars  interested in the RCOL bidliograply on the PCA sholdc reg vest o copy cf
CcaL 83'&, Vol. 2, s 4, Februery, 1076, fru ?ﬁviruﬂ“ental Congervation
Library, 300 I'icollet llall, Nlnp-abolis i AR . 3
= BCOL now has the fellouing 1Le"" uvhich are not listed in the 1976 bitliography.
nConfusion at Pouwdary ‘“tex Cange Arua“ by Deen Revuffoni in Nationul Parls - -
i and Corservition !'siazine, Janumry 1077 . 12 .
. - "Crisis in the caroe ccuntr;" Lj Hiron L. “elnsclv"n in The Living ''ilderrcss,
dJar./tar. 1077, p. 1M,
nIn caroe country™ by ', & Hright, Jr., in et Man fpact, toy 1677, =0 1. -
Meortk country forests Jots iV-aorth reprievc" in 'ationcl Porie | Censer-
vation “‘sgezine, uarch 1°7¢, p. 2%. o
mMutdoor America updute:, uounmary Vaters Carce Arca® in Uw;~0ur Arcrlch,
- ) June=July 1977 ,.4¢. 18. . .
Ppresionute suitors for o uwila paradise® by ''illiar 0. Johnton, in Sports
o I lustrated, Oct. 10, 1977, p. 5C. ) . .
mie 1ile it vidd" in ’aLlon.l Parks & Conacrvation lagazing, Oct. 1977, . 2C.
Mhen tue vilderres pets orowded . o 2 hy Dovid V. Line in Vatlralist,
. inter . . ’ ‘
1977, R ?a, 10, ,:, e 1o
Pou‘,nu1nt covera.  of faderal léjislation can be found in Llrsves, of

Co' . rvation . Mepore ('Jt10n~1 Pildlife Federation), .1cnra Club Hationel Peus
Pooork, Al .ilderlaa) I guxt (‘11 rress Socie tj)

sunply infonaation on.M'CA issues:

36 . ;
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E © Some other organization® which cd
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. : gmdar y ‘'aters Conscrvation ﬁlllance
22 Phoenix Puilding ) .
. * Duluth, !inMesotz 55802 . s .
. ~ Puone (218) 727-2935 " , oy
o iinnesota Foresi Incustries Inf ormatm'\ Cormiittee . 3 {
o~ " 200 Christie Fuilding o
- Dulutx.,t> Minnesota 55602 . ,
Phone (?18) 722-5013 ° :
. Friend* of the PRoundary Yeters Wildernes s
P.G, Pox OC .
W' finoka,- M 55303 ¢ ) R S
(612) N27-1200 .
1
- v . -
. PO, Box EH .
< Duluth, i 55201 o o
218) 52825018 |
-—\____; *
- { PR i
PUIC! SLIDE SEOU/TALL ’ _ : ,’
~ The slimnesota rureot Industried = Information Corwittee has a BVCA slide/talk |
. shci . . A reprosentative of tne organization is aveilable to present ‘the show or |
. _ihey can lend tle slideftgpe set (20 winutes of tapn) For more information |
, ~ conteck thée linnesota Forest Industries Information Cormiiittee, 200 Christie J‘
Luidding, Duluth, i#° 55803 Phone (218),722:5013. / ) |
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. TASK .A: BACKGROUNDSINFORMATION . .. . . _Individual Activity

f

_ connecting waterways, amidst

-128-

IR - - R - . .-

Read the following information on the Boundary Waters °
Canoe Area. A bill is being drafted in Congress to
determine whether the BWCA will be (1) a wilderness
region only or (2) open for both recreation and

y wilderness (called multiple use). Your Senator

is seeking input from local interest groups to

determine how the area should be used. Below is

some important information about the BWCA that

you will need. Underline the parts that you think !
are most important:

ry 7 . -

TASK

THE BOUNDARY WATERS CANOE AREA

The Boundary Waters Canoe Area,
located in.northeastern Minnesota,
ig the largest National Wilderness
Area east of the Rocky Mountains=--
slightly over 1 million acres in
size. As a vast area of inter-

Snowbaik ~

virgin conifer forests, it is our
only lakeland wilderness and
unique in the National Wilderness
System. It stretches for more
than 100 miles along the
Minnesota-Ontario border and
supports unique northern fish
+ and wildlife populatlons.
| Together with its sister area
| the million acre Quetico
GProv1nc1al ‘Park in Ontario,
\where all logglng and most
xmotorlzed recreational uses
jare already prohlblted, these two areas comprise one of the
flnest wilderhess regions on theé continent.
-~Friends of the Boundary Waters Wilderness

~

L4

.Snowbank Lake lies on the southern boundary of the wilderness
“area. For this reason, the northern portion of the lake lies
within the Boundary Waters Canoe Area and the southern portion
of the lake does not lie within the wilderness area. There are
three large resorts on this.southern shore. Resorts in the
canoe area are not allowed. )

The north and west sides of the lake contain large areas of’
valuable timber. Since these areas are within the wilderness
area, cutting of the timber is strictly regulated. -

The western side of .he lake lies along the Duluth Gabbro
rock formation which ‘stretches from Duluth in the south to
north of Grand Marais. Mining south of the Boundary Waters
Canoe ‘Area has shown this rock formation to be rich in
c¢opper ‘and nickel deposits.

133 >
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.TASK.B: ANALYSIS

-129- .

NP R

Group Activity

< Read the information sheets on THE WILDERNESS ACT and
y ~on MULTIPLE USE. Your task is to think of as many
“3 - advantages and disadvantages of making the Boundary
<< Waters Canoe Area a wilderness -area or a multiple ,
P use area.:
WILDERNESS MULTIPLE USE
ADVANTAGES - ADVANTAGES
TO PEOPLE ° AE TO PEOPLE
1
TO NATURE « TO NATURE
- ? -
DISADVANT: 3ES DISADVANTAGES
IO PEOPLE TO PEOPLE.
IO NATURE TO NATURE
!
!
- . c, N
\ ' ) i
b3 Lig

.Individual or Small
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THE WILDERNESS ACT

The Wilderness Act definhes a wilderness as an area:
"Where the earth and its community of life are untrammeled
by man, where man himself is a visitor who does not remain,
.retaining its primeval character, managed to preserve its
natural conditions ~- where the imprint of man's work is *
substantially unnoticeable.”

Thé: main pUrpose of the Wllderness Act is to set’ .
a51de large ‘areas of land to remain as natural as’ p0551ble.
This limits activities of human within the Wilderness Area
so that they don't change the natural state ¢f the region.

i
e J Specifically, the following activities are prohlblted
/wifthin a Wilderness Area:

1. Commercial timber harvesting and administrative
cutting of timber to manipulate vegetation;

2. Recreational use of motorboats and snowmoblle
- and

3. . Mineral exploration and mining.

NOTE: Certain exceptions have been made in this act :
as it applies to the Boundary Waters Canoe Area. These '
exceptions are at the center of the controversy regarding
the area. On stany BWCA lakes, motorboating is allowed,
but with motors of limited size (usually 10 hp on small
lakes and 25 hp on some larger lakes). Also lumbering is
allowed in specific regions for forest management. Mining
and snowmobiling are not allowed at this time.

o




2

S /AU A

MULTIPLE USE

Multiple.Use .is pased upon a congressional bill v
proposed by Congressman James Oberstar. In this bill,
tbe BWCA would be divided into two areas, the Boundary .,
Waters Wilderness and the National Recreational Area.

. _ Within the .Wilderness Area, timbér harvesting, motor
boating, .and snowmobiling would be prohibited. Also L

prohibited would be mineral exploration and mining.

The National Recreational Area would allow boats
of limited size (10 to 25 hp}, snowmobiling on
specially designated routes, and limited logging.

Y

The Boundary Waters Wilderness Area would
make up about 2/3rds of the present wilderness area
and the National Recreational Area would make up about
1/3rd of the present wilderness area. :

3

NI
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— " TASK C:
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¥

STRATEGY SESSION . small Group Activity

o>

w
~L
—

1.

(1). Meet with‘yoﬁr éssigne& group.
(2). Carefully read your group assignment,
(3). Answer the following questions.

What is our position on the issue of use of the BWCA?

What support do we have from the Wllderness Act or
from the Multiple ‘Use Bill?

What questions.do we $till have?

¥

4

What additional information do we need?

TASK

After you have filled out these two parts, you
may look at the DATA SHEETS, These give some
additional information which might be useful
in preparing your recommendations. After you
have read the DATA SHEETS, make a list of

some of the recommendations that you would
make to the committee,

Y

RECOMMENDATIONS

iy
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TASK C - PAGE 2: STRATEGY SESSION, cont. o T e
i -

Look at your list of recommendatlons and think about

what effect each recommendation would have ON PEOPLE

and ON NATURE, When you do- this you are making

an ENVIROMMENTAL IMPACT STATEMENT., This is a

careful study of the effects of a bill on the

environment and is very important to the

senate advisory committee.

TASK

Y

RECOMMENDATION ) ‘ EEFECT ON PEOPLE EFFECT ON NATURE
f

: ' , -

Develop your final presentation. You must follow

these rules. .

(1). The presentation cannot be longer than five
minutes.,

(2). You must have a visual display such as a land use »
map drawing as a part of your presentation, '

(3). UYore than one person. in your group must
help in the presentation.

Think carefully about how you want to present the

information. It might " be helpful for you to b

.outline your presentation below. Finally,

PRACTICE YOUR PRESENTATION.

TASK

YOUR RECOMMENDATIONS '




\ . ' ' ;
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TASK C —-- PART 2: SENATE ADVISQRY COMMITTEE Small Group Activity :

¢ .

You represent the decision-making bedy which will ’
present a report to the United States Senate upon
which legislation will be drafted to determine how
the Boundary Waters Canoe Area will be used., In the
next 20 minutes you are to: d

s

(1). Elect a chairperson to’'call the groups and
' chdir the board meetings.

(2). .Determine a plan for evaluating each presentation
and the points that they make., You may wish
to use the following form. What: points
) will you look for? What sort of evidence
o ) will you need to make a decision? As an-,
' example, you might ask if the groups considered
the effects of their recommendations on .
o people and on nature, ]

TASK.

[ - _ >

* ‘SOME POINTS TO LOOK FOR

(3),. Decide upon some method for keeping track of ,
° the information that is presented to you
and the points that each group make. You
might like to use the following form.

-

TASK

\

PRESENTATION ? GOOD ‘POINTS




-
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DEBRIEFING: THINKING ABOUT YOUR GROUP ACTIVITIES

Individual and Large
Grouvp Activity

You hayve just finished. working with several other people on
a presentation to a senate advisory committee. Think
about your’activities for the last several days and

then answer.the questions listed below.

TASK

1

1. Did your droup work as a team? L ' .
2. Did some people dominate the discussion? Why or why

not?

/

3. Did your group take tlie actiwity seriously?

Wwhy or why not?

[

4. What did you léafn from this activity?

ThinKing about the Roundary Waters Cance Area Case Study ]‘

1. What additional data would you have liked to have had

for your group? f

i

¥

2. How do you feel about.the decision made by the Senate
A . . .
. Advisory Committee? Do you feel that they were

fair? , -
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GROUP ASSIGIMIENT--RESORT OMMER

TANEs  Richard and llarion Johnson

AGE: 42 and U5 s

OCCUPATICN: Resort Quner--The Snoubani Lodge .

HISCELLAIEOUS: Three children, ages 25, 23, and 20. The oldest tuc children
\» help run tne lodge. Jd .

You are the ovner of the Snowbank Lodge, a resort on the south shore o nowbanl:

' Lale. - This resort was first started by your parents in 1935 and was p ssed on
T toTyouin 1960"*when~"your—parenESMrebifédwtowFlopidarﬁ Roth. you. and yqur wife
-— have run the resort since then. For’ the past 5 years, your two cldest sons have

' also helped to run the resort, and you hope to turn the resort over to them Vhen

you retire. .

The resort is composed of a large.central lodge with dining areas, a general

store, and an outfitting shop whiéh provides camping, fishing anc canoeingy

<« équipment for people wishing to use the Boundary liaters Canoe Ares. You are one

. of the major outfitters for cance trips in the arez and about 50 of vour
"bgsineis comes from this source.

\ ‘
There are also 12 cabins on the property and your family home. The cabins
~generally provide weel-long lodging during the surmer and weekend lodging during

. the winter. They each have tuo bedrooms and & small kitchien, About 505 of your
business comes from renting thesé cabins. . . '

You ~ are interested in seeing the recreational uses of the region expanded -
(motorboating, snownobiling, camping), since that would mesn more business{fof
yOu. vou would not like to see the srea declared a uilderness because it would
severely cut cown Yyour business (especially curing tho uinter) and —ight even
put you out of business. You also would not li%e to see widespread mining and

lumbering because that would destroy the natural beauty and the fishing that

your tourists come to sce.
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fou are a miner with the International ilickel Company cnd have been euployed by
them for 25 vears. . You supervise strip rining opcratiors at the INCO nine just
scutl, of the boundary waters” area. .
The [ortheastern [linnesota arca haS thie potentiol for being once of the lergest

R

nieckel. frou Canzada.,

.
-

Yining is Luaportant to the economy of Northeaster: Jinnesota. Thirty-three
pereent cf the people in thils region receive their incoue from nining. Many of
your friunds &3 well as your own fauily depenct cn the mining industry for a
divine. . - ‘ g - ' L

: {

Recenuly rinia, in areas outside of the Toundary Vaters Arca has been declining
becaus- <he cost is becoming too great to contiruz Gining at the dapths
reqguired, There are rusors that there will be widespread layoffs if something
is not done. '

Turing tl< last yeur, mineral exploration along the periﬁhery of the Pouncary

ater Car.oe Area have iven 1nd1cations Lhat there nay be mzjor minersl d eposits

within the limits of tie Doundory ‘lsters Canoe Area. .

“ou are anxiocus to  sce rinerdl  explor 1tiow'e/p4ducd e include the Noundary
voler eepion sines it wouwld reah an expanded job rarket, us uell os @ large
Lnflah of wency into the region. In additicn, increased nmining would reduce the

1", &, cepeiidence upon fereicn sources of nickel.

N

N . .

CPOLP AESIGHIEHT--HDINR -

x
CRY feerge fbbott
MCEL B2 /
OGCOPATION: tiner Sfor Internatioral liciel Corpany (INCO) i
UISCELLAMTOUS: Yarr ad with U4 children. ages 2\, .S 20, and 17, g

‘sourtés of nickel in Eh¢ United States. Currently, the U.S.iwports much of its
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GROUF ASSIGHHE HT~—TLW?EP Vo :

MABE: John Garlson

AGE: e C 3

OCCUPATION: © Quner 0. & Swall lumber compuny \

UISCELLAFOUS: ilarried, two children ages ]5 ahd 12, : ,

You oun a smoll luabering company operating out51oe of the Doundary 'atere drea. N
* You are 1ntereuted in oxpending your oporgtlor to incluce the Doundary Voetors
Canoe Region around Snawbanl: Lake. = - ) :

v 4

»

You have a college depree in forest management and cre fomiliar "1tl moder:
techniques of managenent. You realize that the Doundary Uater= region has,
throughout history, been maintained naturally by fire. This burnzd off the less.
desirsble types of trees which would block the light fren the more des 1r':b.v.h
*jpec cf trees. It is estiffited that throughout history, about 17 uf the
boungary waters aren a:as burncd off cach year.

~
.

tow ftxat the fires zre centrolled, trees that graw better in shady areas ~uch ar
balsamy fir, spruce, and white cedar are growing and Cuc“ln out the trees tiet .
need more light such as pinc, aspen, and birch. . . -

can ovortake the area. This is whet would heppen wnder the Uilderness fot., B
f | second option would ke to introcduce contrelled flr 'such as  weuld have
naturally taken 019~u. The third option is the onc that you vouls pret:r.
Under this optien, luzbering uoudd be allow ted tc clcar aut the undesircble
species., .This way the lunher” wouled not he destroved bty fire, but uould te
aveilable for the housing 1arhet, peating, 2te. .
- . ‘/x/ N x .

! .

I Three ontioné &&lgv.‘ First, nothing can be donc and the shade tolerant trees

e —— - — -

*
: .
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CEOUP AINICNTET-~RECEATION L USER v
RN AT - D\- . !
< DN Tl and Jary Thonpson .
teor 3% |
GCCUPATIN: C(as station auner, linneapolis
MISCELLAIFCUS: Three children, asges 17, 15 and 12, - \
2 .
. VYou' are o freguent user of the Roundary Vaters region and the surrouncing
Supericr Maticnul Foreozt. Tach wumier Your [fanily rente 2 cabin at the Snowbani
Lodg. foo o uce't of covoelry and fishing in the Poundary Vlaters Area. You
reallyt anjoy  the peace ond quiet of the lakes, but you also enjoy the
recrection .l oproruunitics that the area olfers such s powerboating, water
:liin;, and  shownobiling, and you would like o see the BWCA arca make
provisions sc tihat ct least o portion of the area would he available for
rocreationel  usc, Vou feel that if the recreational use of the area was
xpanded, theca uore pecple would use the Doundary Uater ‘*rez. Reing a business
man, you recognize that this vould bring a lot more nioney into the area.
Yot woulu suppert o progran to open a pertion of the DUCA (those lakes, such as
Snoubank ukich are on tle border, as well as a feu larger laes in the interior
) of the PUCR) tc recreational use which would cllow pouerboats, snoumobiles, and
pernaps even sone lodges. The rewainder of the M'CA would be reserved as a
wiilderness ubere woterized vehicles would not be allowed.
Q
\\
oA . .
«\ )
]
r
hd B
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PAFulToxt Provided by ERIC

" GROUP ASSIGH:ENT--EIVIRQUMENTAL GRCUP

NAME: Susan Edvards . /
AGE: 28 ‘ :
QCCUPATION: President, Save The ”1ldLrnegs League
NISCELLANEOUS: Rarrled two chlldreq ages & anc 7

\\‘ﬂadnr from tue state ac well as/wlth the state senators.

-141-
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- .

Your are the president of the 'Save . the Vilderncss League. This is an

Ly

drzanization of individuals who ,are interested in sceing thot the LVCA is

preserved as @& wilderuess, You have members from all over the state, but
LA S

caiefly your menbers tend to cour sither from the Tuin Citics metrepoliten aree
or from UE Himnesota. You: have been very active lobbying vith cengressioral

S 2

—

o

_____ the DUCA recion preserved as & "11dornaom arca
according to the Vilderress' Act. You would prohibit wotorboating °“d
snownobiling becauge of their danaging effects on the cnv1ronﬂont. You would
also prchibit mining and luphering because these activities, oven vhen done with
the best sort of nanzgemont in mind, still alter the natural stots of the land,
You probably would like to prohlolt any canping or hoating in tha region, bub
you realize that this is unrealistic. You do, however, propose scvare
iimitetions on the mumber of people who will be allowed in the arca at ony ohe
time, and a limit OF‘tuU lengt!, of time that they can revein in the region. In
order to enter the PYC/ you would neced a permit fran the Stote Derartvent of

Matural Rescurces, § ,

Siwply, ~you would like to sce

\

You strongly oppose \ ny attenpt to designste ony portion of the RICA as o

recreational area which vou‘d 211ou moterized boats or oPCULObileo zince phis is
the only lakelend hx‘derncov. -

N\

|
j - 152 |
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Throushout history, forests have naturally bheen managed by lichining fires, It
iz cstiniated that 10 of the TUCA hurned every vear. ‘ithout some sort of
surning, poorer guality trecs which coen grow in the shady, overcrowded forests
tead to telie over the lLetter quality trees uhich need lots of light, There are
Lrrec vays to handle this: ’
i. Do notring. Let the nsturel preecss talie over and let the shady trees

e

wversrau the betfer cuulity Lrces, but not interPire with thenatural process.

2. Controlled fires, Cet fires in a controlled manner to burn off certain
treec. ’ )

*

3. Coatrclled lumbering. The management of forests threush the cutting of
specific regions and tire careful replanting of tizh cuality trees,

"hile controliled lumbering is less wacteful than controlled fires, it also
reove: nutrients fra the scil that viould be returned to the soil by the
burning or decay of tiie Lrecs, Over & period of tine this may remove so many
nutricnts from the soil tlat the soil uill no longer be ~blz to support the
carovtn of trees, N

: Frew J3-109 of the ctete's annuol softwecod timber comes from tiie MCA,
Fuch, of tie tiuber cut in the BUCA is primarily overmature, old growth, whick,
\ if net cut, would decay in 25 years or so or be lost\Shrcugh insccts, disease
T | 3 N
uid fire.

The 1.8, Fore.l Service cstinates an annuzl national locs tetalling 40,000 cords
cor softuoods ficne.

About ©0% of tiw DUCH vas lozged before 1900.
\
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SCIENCE

The lakes in the PACA were formed by the action of glaciers, The ;laclers ccted
like giant scrubbing brushes and resoved the topsoil, leaviny a hard-rock lale
bottom. . Tais type of lake can easily be daweged by acid rein.  In fact, the
PICS is considered onc of the prime targets for acid rain damege. In the
Adirondack tountzins of 'Y, nearly half of the lakes no longér heve fish because
of the mcid in their water., Refining the notals releases pases inte the #ir .
which combine with rain tc form the aeid.

‘There 15 nho scientific evidence as to the environmental effects of show obilinf.
There is some feeling thot the snourobiles interfere with the nesting of ecerles
in February and ilarch.

In order to maintein a healthy forest, some process wust take place for thinning
out the prowth of trees. liost cormonly, this has happened naturaily through
lighining fires, but with improved firefighting tecuniques, videspread fires are
not. as -conmon. ' For this reason, if good quality trees are tu survive in the
Bi'CA it will be necessary to citiwer &llow the natural proccss of lightning to .o
on, o log the area, or Lo set controlled firas. [Lurning ang natoral decay of
tne timber returns the nutrients to the soil--lumbering doos not.

\
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. Data Shezt

© GEQGRAPEY AMD FACILITIES

| S DA O

Hunber of Lies 1,060
Arca of Lakes (Acres) 157,676
P.;*<'a of Lard 872,013
TCTAL PURLIC LAUDS I STATE OF (fTHNESOTA
Federal Cunership . 3,200,000
Rtite meershi:z‘ o 5,8€0,000

- County Qunership 2,000,000
CHRAPING FACILITIES

In the RUCA 2005 Carrpsites




+

-145-

Data Sheet Ca
FEELINGS.
In & survey of individuals using the EUCA, nearly nalf of the .oterbeaters szid

that it wouldn't imatter to then how many other groups they wuct in a day.
lHowever, only thirteen percent of tiwe cznoeists felt that way. Hinety-three

_percent of the paddis caroeists prefarred not to meet any rotorized boats gfer

day, but only 105 of the paddling group preferrad to meet ro other puadin

v

. canoes.

mie consider the BUCA to be a priccless national heritage for all to use and
-enjoy . . . for now as well as future senerations., It can continue to be if
competert and fair nanagei-ent policies arc established aid felloved.™

--Cly, 11 Chasver of Cormerce
"The wilderness, or what we call the wilderness, cannot. be recrcated. Onee
gone, it is gone for all time. It 1:es an argument offered years ago in many
parts of the courtry, and effectively ignored or evaded cr arrogantly crushed
unt il now/there is only a frail rewnant left. And there is no other place for
toe canoelst like the Poundary Yaters of Morthern linnescte. They core by the
bebtalions sometines in the summer. Dut alnost invariably thiey leave tle cance
country batter for the experieace."
—-Jim Ylobvchar, iarch 27, 1978
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Data Sheet

' ECONOHICS

Percent of Payrell in Priwvery Industrics . ‘
Yiring . 23 \ ‘
Tifin‘L @r ‘ 2?
Lodging/outfitting 1

(This represents the o
those Liiree areas,)

(63

Cormparisen of Tourism in I'® Minnesota with Hotorized Use of BUCA

M CE 'otor use

by Tourists Total Tourisa. Percent
A5,000 2,500,000 (surmer) 37

Impact of Potor Pestrictions on Resorts

Munbers of Lodgihg Est. in #E tiimng

'crels/

Yotels Nesorts Affecteq by metor ben
106 297. uy

Vho Hses Lhe MICA (Ficures fiem 1975)

Paddle canoes 22,227
Forors, eanoes & fishins boats 15,417
Hildnyg 1,098
Skiine and showshoeing ‘ Sph
o Sriw.obiling o 2,11¢

TOTE:  showrobiling was banned in uinter of 1676-1977
1 .

reert of the pcople in DF !innesota whe have jobs in

.
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Deta Sheet \ . *
PRO AMD COM: SHOWMORILES |
. .
A snovimobile ban keeps many lakes out of reach of day use fishermen.
Snowricbiles paclt cross country sl trails, maiiiny it casier fﬁr the

fiovice and moderately acccnplished siier to enjoy The arca,

Snowrobiles are ar. important assct to rescue operations {cr lc&t or )
injured skiers, ‘ '

Snovmobilers are major users of the area; it makes little sonse to shnt
off this use vwhen it cenflicts with only a very small nunbér of
non-mechanized users, . .

Sroviobiles do not. have 2 harmful effect on the physical envirernp.ant
tecause they ruh alost exclusively on lalkte surfaces anc do not wually
involve camping. : '

v

-

The PUCA lale trout fishery is already seriously over{ished and ctnnot
witiistand any additicnal uinter pressure. ‘
Snowmobiles do pack trails, but their surfaces often intarfere with shi
travel., 'lilderness travellers prefer to breals their oun frails apd find
snowmobile encounters unacceptable. ' ' ‘ \

The use of snownoviles for rescuc worl: vould not be prohibited by neu
legislation. “ ' , !
There is significant non-pechanized winter use and this use is growineg,.
The eovidence on the offact of snowmobiles on thie environment is
inconclusive; they co interfere withk the nesting of ergleu in late |
February anc¢ larch. !
There are more than 6,000 riles of snawmobile trzils outside the PY'CH,
in Minnesota, while the M'Ch is.the only significant vinter vrilderness
in the liiduezt.

€
* 1+




*

|
—
£
?

STUNRPY Prr/PocT TEST

A DATE

1. The size of the Doundary “'atercs Cance Area is sligntly over

a1, one ¢alf illicer acres -
t, onemillion acres

¢, tlres cillion aeres

f, tongillion acras

oy \-‘““‘- s s
2. Tag fustico Provincisl Pard s

.is i Ontario, Canada
., rrvhibits a2ll logging snd most notorized rgereztionzl use
2, 1s one willion acrec in arca
d. @11 of the above

uth Cabbro

* Y

is 2 rock formaticn rich im nickel anc copper

is 2 region of the EVCA containing chiefly eak trees :
voc rof ‘o Urﬂlf‘tfﬁxJCA

S }

)

. jory
[y
o

$wad

.

[P I ¥ ]

. is the oldest rcclk: formaticn in hlnneﬁot
U, The ¢ jor purpose of tne V'ilderness Act is .

=, Lo reduco pollution aéross the nation
L, to. set aside nstural wreas to remsin unchanged
¢. Lo provine regervoes for (qnnorous vild animals
', to rrovide recreaticnal arees fer notorboating
. The viost dvportant difference hetween tiie 'ilderrezs Act and the Multiple
e Aet is
. kice re_ulavdon sbout hunting
Lo thr regulation about fishing
¢, uie reculation about motorboating and snowmobiling
¢, the regulation about how rany people can use the arca

. The 'ultiple Use fict docs not

4, allow vobertoating
e a1l ghounobiling
2, - 1ller vining
o wllov finker harvesting
7o "Mich 7 Lo folleving is o ucy of rervaging forests?
v .
oo Cire
0, pesticicer
o,  3wrip pining

g, .11 «f the gsove ~15;'
J

Aruitoxt provided by Eic:
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8. All of the follouing are adveantages of alﬁfwing snovriobil iry E¥CEPT

a. - they pack cross ccuntry siti troils

b. they aid in rescue operations. e
‘ c. they allow for winter fishing
d. they bring people to the arer during the winter off-seagon
| .
¢, Uhich of the following industries provides the hirkest perecnts e of the
payroll in ME Uimnesota? .

a., timber
b. mnining ' e
. lodging

. outfitting

Q0

St

< -

10. Uhich of the following is a diszdventage £o noture of timber hervesting?

a. undesirable shade resistent trees are renoved

. b. roads are built to allow equipuent to carry troes to narket
. ¢. .new trees are planted uvhere old treec have heen cut foun

d. all of the zbove

\
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ACID PRECIPITATION CONTROVERSY

ﬁ -
. ~

Meet with your partner and plan how to argue effectively for
your position. Make sure you and your partner have mastered

as much of the position |as possible.

Each pair presents their position. Be forceful and persuasive-
in presenting your position. Take notes and clarify anything

.you do not understand when the opposing pair presents their
position. .

5 >
¥

Open discussion. Argué forcefully and persuasively for your
position, presenting as hany facts as you can to support your
point ofl view. Critically listen to the ébposing pair's po-
sition, asking them for the facts that sﬁpport their point of
view. Remember, this is| a complex issué and you nheed to know
both sides to write a good report. Work together as a total
group to get all the facts out. Make sure you undexrstand the
facts that support both points of view.

!

Role reversal. Reverse £he perspectives, in the group by each
pair arguing the opposing pair's position. In arguing for the
opposing pair's position; be as forceful and persuasive as you
can. See if you can thiqk'of any new facts that the opposing

pair did not think to present. Elaborate their position.

-

Come to a group decision;that all four of you can agree with.
Summarize the best arguments for both points of view. Detail
what you know (facts) about Acid Precipitation and the Industrial
and Environmental points of view. When you have consensus in
your group, organize your arguments..to. present sto the entire
class. Other groups may make the opposite decision and you

need to defend the validity of your decision in the entire
class. :

N
P . \
—
AN

N

N\
I am critical of ideas, not people. I.challenge and refute the
ideas of the opposing pair, but I do not indicate taht I pexson-
ally reject them. '

I focus on-coming to £he best decision possible, not on "winning."

I“éncourage everyone to participate and to mastex all the rel~
evant information.
\

I listen.to everyone's ideas, even if I don't agree.

I restate what someone—has—said—if—it—is-net-clear.— _
f \ . .
I first gring out all ideas and facts supporting both qides, and
then I try to put them together in a way that makes sense.
l'

I try td understand both sides of the issue.

I ¢hange my mind when the evidence clearly indicates that 1
should do so. 162 ' .

Q
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Acid Precipitation Controversy .

Pro Environment

8

"A chemical leprosy is eating away at the face of the U.S5. 1It's
.populary known as acid rain, but rain isn't the only culprit. The
true name for this phenomena is acid precipitation. In addition to
ac1d raln, it includes acid snow, acid sleet, acid hail, acid £frost,
acid rime, acid fog, acid mist, acid dew and ‘'dry' deposits of acid
particles, aerosols and gases. And it's not only this country's
problem. It is, however, the responsibility of the U.S. - as both
perpetrator and victim ofethis ecological crime - to recognize

the extreme dangers of acid prec1p1tatlon and to take steps to
remedy 1t before 1t becomes o _persasive : as to be irreversible."

st B S | bt bt i

Your position is to take legislative action ;mmedlately to rectlfy
the problem of acid precipitation. Whether or not you agree with
this position, argue for it as strongly as you can. Usé arguments

"that make sense and are rational. Be creative and invent new sup-

porting arguments. Remember:to learn the rationale for both your
position and the industrial position. Challenge the industrial® po-
sition; think of loopholes in their logic; demand facts and infor-
mation to back up their arguments..

1. Acid prec1p1tat10n can kill fish and other .aquatic life
outright. In Scandinavia, which is downwind of pollution
pumped into the skies of Western Europe, it has already
destroyed fish life in 5,000 lakes in Southwestern
Sweden and in séven Atlantlc salmon ‘rivers and 1,500
lakes in southern Norway.

2. Acid precipitation can have damaging effects on human .
health through inhalation and 1each1ng of toxic materials
into drinking watér supplies.

3. Acid precipitation may pose a menace to crops and forests.

4. Acid deposition is already disfiguring buildings and monu-
ments, including the U.S. capitol. The east side of the
capitol has craters % inch or more in it. Because of -acid
precipitation, the -hard minérals in the marble have changed
‘to talc.

-

.

5. Although the data are meager, the evidence indicates that
in the last 20 'to 30 years, the acidity of the precipita-
tion has increased in many parts of the U.S. At present
the U.S. annually discharges more than 26 million tons of
sulfur dioxide into the atmosphere. Just three states,
Ohie, Indiana, and Illinois, are respon51ble for nearly
a quarter of this total.

’ >
6. Acid precipitation occurs when sulfur dioxié% and nitrogen
oxides combine in the atmosphere and change chemically -into
acid, which falls to the earth mixed 'with some Xorm of
precipitation. The pollutants come primarily from burning
2 . coal and petroleum. About 90% of the sulfur in the at-
mosphere of the northeastexn United States comes from man-
made sources.

. 1y




Acid Precipitation Controversy
' I ' ‘ .

Pro Environment .
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~ Page. Two

7. Overall, two-thirds of the sul'fur dioxide in the U.S. |
skies comes from gas-, coal-, and oil-fired power plants.
Other sources: ipdustridl boilers, shelters and refin-
eries, 26%; compercial institutions and residences, 5%; .
and transportation, 3%. Between now and the year 2000,
utilities are expected to double the amount of .coal”
burned. ' .

8. After the Clean Air Act was passed in 1970,  utilities of-
ten sought to meet their standards by building very tall .
stacks. 'The EPA calculates that there are now 180 stacks
more than 500 feet tall as compared to only two in 1969.
Tall stacks can relieve local air pollution, but they in-
crease acid precipitation in downwind--areas. Also, be-
cause of the tall stacks, acid precipitation carr 'be carried -
huidreds of miles in the atmosphere. The acidity pf lakes
in New York's Adirondack Mountains may be due to the acidic
components of depOsition originating from such distant
sources as midwest coal-fired plants. : T

-

9. Acid precipitation is increasing. Ih the United States, in
° ‘the Adirondack mountains, more than half of the remote
imountain lakes at- elevation greater than 2000 feet demon-
strated pH values of below 5.0; of these lakes, 90 percent
. contained no fish. In contrast, between 1929 and 1937,
only' 4 percent of these llakes had a pH of under 5.0 or
were devoid of fish. The mean pH of 320 lakes was 6.5
in 1930-1938. The mean pH of-216 Adirondack lakes in
. ' 1969-1975 was 4.8. !,
10. There is every indication that the Reagan Administration '
oo is planning to gut the Clean Air Act when it comes up for
renewal or amendment in Congress. The Clean Air Act,
which as written in 1970, doesn't really address the problem
of acid precipitation, needs strengthening, not gutting-
.especially by the inclusion of measures to -curtail acid
precipitation. The révised law should require, among
other things, the burning of low-gulfur coal, the installa-
* tion of scrubbers at critical plants, investment in alter--
native energy sources and the establishment of emissions *
‘ standards on a regional basis. ' The costs would be' very '
Y. little compared to the rate hikes imposed in recent years
‘ by OPEC. A 2% surcharge on the average utility bill in
the East would get rid of half the, sulfur dioxide.in the
b - region. ‘These aren't far-out figures advanced by some
wild-eyed eco-freak; they're from the report of the \
- National Commission on Air Quality, the members of which
are appointed by the P;esident.' ) ’

#
[y ¢

*Phe majority of the statements are direct quotes from an articlgé)
_in Sports Illustrated, "An AmerXican Tragédy". Sports Illustrate
. September 2, 198L by Robert H, Boyle.. \

... 16y T
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Acid Precipitation Controversy
Pro Industry ]

"Acid precipitation includes acid: rain, snow, sleet, hail, frost,
fog, mist, dew, etc.:. It is a problem in the United States and
elswhere in, the world. But the listed causes of acid rain are
only hypotheses advanced by scientists to explain certain observa-
tions that they do not know how else to intepret. They are not
the conclusions of experiments designed to trace acid rain from
the emission sources. "* Until cause/effect can conclusively be
established, stringent controls on lndustry would not only be pre-
sumptuous, but costly.

Your position is that since neither hard scigntific evidence has
been pres§nted nor the level of control requirements stipulated,
the utlllty industry cannot accept new EPA regulation as "truly
practical." The industry will accept a “"truly practical" solution
if it can be shown to be cost-effective when all remedial' measures,
not just emission control, are considered in an objective evalua-
tion. Whether or not you agree with this position, argue for it
as strongly as you can. Use arguments tnat make -sense and are
rational. Be creative and invént new supporting arguments. Remem-
ber to learn the rationale for both your position and the environ-
mental position. Challenge the environmental position; think of
loopholes in their loyic; demand facts and information to back up
their' arguments. °

1. EPA's line of reasoning is to imply causality by associa-
tion rather than by scientific proof of linkage. If the
relatlonshlp between poweg'plant emissions and acid pre-

. cipitation is so overwhelming, as implied in the EPA°
. document, the utility industry fails to understand why in-
. vestlgators have nct been able to trace acid precipita-
. “on back to the source emissions noxr provide quan-ltatlve
llnkaqg.

‘2, The problem is complex. Several factors other than acid
precipitation are involved in ecbsystem behavior. Not all
observed environmenta®' changes are attributable to acid °
rain alone. To blame changes on acid rain without proof
is scientifically unsound and will not solve the acid rain
problem. .

3. The utility industry is concerned about environmental pro-
tection, but at a time when theg 1ndustry is plagued with
financial problems due to inf)ation and increased fuel
costs, it cannot afford to invest large sums of money on
control measures that provide no assured benefits for the
environment. The industry is aware of acid rain and is
funding research aimed at determining cause-effect rela-
tionships so that cone can devise any necessary costneffec-
tive remedial measures.
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Past experience

high sulfur coal industry has been subjected to signifi-
cant economic impacts when sulfur dioxide emission levels
had to be reduced. At the prezent time, proceedings re-

lated to int!

approximately 2,

in annual economic input, and this estimate includes only
a portion of the mines that could potentially be a;fected.
The effect on these mines will

scheme selected.
vestigations of

between souﬂce.of emissions pnd effects 1s not well es-

tablished.

One of the EPA's
creasing based on data colliection from the past and -present
data. To dqtermihe the pH /changes, one must recognize that
the pH of lake water varies with depth and with time from
year to -yeaY, from season 'o season within a year and from
hour to houxr within a day.| Without considering the time

and location of

one cannot determine trends nor attach statistical sig-
nificance to findings. By |simply comparing two data
points (one historic and one now), one cannot tell if any
difference gbserved is within natural variability. (Daily
variation can be between 1-2 pH ‘units)

i
As far as the emission esti
playing with numbers to make\power plant emissions look
large. 1In short, the total stationary combustionsources

I

./ in the United States contributed approximaéely a 10% con-
tribution onja global basis. \

7l Nowhere in tﬁe EPA document is\anything mentioned about
| what the emigsion control costs\will buy in terms of en-
otection. We are\not speaking of the dollar
values of envVironmental protection. We are speaking of how
much pH change will be observed in precipitation and in
lake water andl how many lakes will once again support fish.

Perhaps this'is

"there is no, ¢lear cut relationship between specific

emissions and lacid rain." 1If thafi is the case, it is un-

certain if additional emission conltrol on sulfur dioxide
. .will have any effect on the acidit§ of precipitation.

som& means, thé

If both nitratL and sulfate in the\iain:can be halved by

to 4.5 1If sulﬁafe alone 1is halved,
- may- change at most from 4.2 to 4.4 his does not say

that halving the power plant emissions will halve the'acid

concentnationsiin the rain. It does l\indicate that emlsslon

B

erstate atmospheri

: /
has shown that the midwestern and eagstern

deposition could affect
980 mining jobs and 191 million dollars

be dependent on the control
At the present time, based on the in-
a number of individuals, the relationship

i ~

f
/

"facts" is/ that acid precipitation is in-

the measurement of pH within a waterbody,

tes go, this is one way of

.

[

understandable. y EPA'S own admission,

most changes from 4.2

precipitation pH at
the precipitation pH

16y u R
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Acid Precipitation Controversy
Pro Industry
Page 3

Controls may not be very effective in changing pre-
cipitation pH values. )

9. The estimates of potential damage to vegetation are
based on laboratory studies where unrealistically large
doses of acid were applied to the test organisms. It
can be said that very little of the implied damage has
been observed in the field. Damages in the nearby field
of local point sources have been problems in the past.
They are being brought under control by current ambient
air quality standards. On farm lands and in forested
areas, vegetation is still reliant upon timely rains,
acidic or not. What farmers and foresters do in their
normal practices will have more profound impacts on the
productivity of their crops and forests than what the
acidity of rain can do to vegetation.

\
S

. T~

*The majority of these statements were directly taken from a re-
port put out by the Ediso.. Electric Institute in response to the
EPA report on acid precipitation.
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